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PREFACE. 
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THE object of a text-book on Arithmetic should be to teach 
the pupil to cipher, — to learn by doing. The shortest and 
surest road to a knowledge of Arithmetic is by solving problems, 
not by memorizing rules or by demonstrating propositions. The 
pupil should be trained to obtain results rapidly and correctly. 
He should be taught, in questions involving decimal fractions, to 
limit the answers to the number of decimals required by the nature 
of the examples, and to avoid all superfluous work. He should 
not be expected to discover the reason of a process until he fully 
understands the process; then he should be allowed to state the 
reason in his own language. 

This Arithmetic is not intended for beginners; but it is pre- 
sumed that pupils will have a thorough knowledge of our "Lessons 
in Number," and be at least twelve years of age, before entering 
upon the study of this book. 

Decimal fractions are introduced at the beginning of the book. 
Experience proves that when thus taught they present no diffi- 
culty. The difficulty of decimal fractions arises solely from com- 
paring them with common fractions, and is avoided by teaching 
decimals first. The pupil learns the notation on both sides of 
the decimal point as easily as on one side; provided the notation 
on both sides is presented at the same time. Much time is saved 
by strict adherence to the motto, "Decimal fractions as soon as 
possible, thoroughly mastered; common fractions postponed as long 
as possible." 



IV PREFACE. 

The Metric System in a few years will be in common use, and 
will supersede other systems, as dollars and cents have superseded 
pounds, shillings, and pence. Taught immediately after decimal 
fractions, the system is easily learned. A great number of exam- 
ples is given to show the simplicity of the system in its application 
to questions of common occurrence, and to furnish additional prac- 
tice in operations with decimal fractions. The abbreviations used 
are such as have been adopted throughout Germany. 

Many of the problems are original, but some have been obtained 
from French, English, and German sources. Though the problems 
are very numerous, it has been found, by actual trial, that a class 
of pupils fourteen to fifteen years old can accomplish the whole 
work of this Arithmetic, with one recitation a day, in a school 
year. The examples are intended to convey, incidentally, a great 
deal of accurate and valuable information ; so that, by means of 
the index, the book becomes a book of reference for many physical 
and mathematical constants. 

The introduction of logarithms will be welcomed by all who 
know the ease of learning the practical use of a four-place table, 
and the increased power given by it over mathematical questions. 
Teachers who have never taught or learned logarithms are assured 
that they will find no difficulty in the subject as here presented. 

The method of "Supposition," called in old Arithmetics "Position," 
has been restored to its rightful place, and is fully explained in 
the chapter on Approximations. This method is applicable to a 
large variety of problems, and is made very simple by logarithms. 

We gladly acknowledge our obligations to many friends who 
have improved this work by their advice; and we also give assur- 
ance that any suggestions for its further improvement will be 
thankfully received. 

THOMAS HILL. 

G. A. WENTWORTH 
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The black numbers refer to pages; the other numbers to sections. 



Addition, 44; tests, 56; com- 
pound, 305. 

Air, composition of, 216, 220. 

Alligation, 105, 265-267. 

Amount, 353. 

Annuity, 317; in reversion, 317 
(Ex. 16). 

Antilogarithms, 421. 

Approximations, 424 et seq.; to 
decimals, 145; general, 425; to 
common fractions, 426-429. 

Average, 265 ; of payments,- 267- 
271. 

Bell metal, composition of, 215. 
Board measure, 209, 317, 318. 
Bowl, measure of, 449. 
Brass, one variety, 215. 
Brokerage, 349. 

Calendar, Julian and Gregorian, 
301. 

Cancelling factors, 155. 

Carpeting rooms, 207, 189. 

Casting out nines, 170-173; elev- 
ens, 174. 

Catenary, 334. 

Centrifugal force, 457. 



Chemical symbols and problems, 

462. 
Circle : linear ratios, 201, 202 ; 

areas, 204-206 ; 188. 
Clapboards, 320. 
Cologarithms, 416. 
Commission, 349. 
Common measure: greatest, 233, 

284; common measures and 

metric, 285 et seq. 
Common multiple : least, 239, 240, 

243 ; of fractions, 284. 
Condensation of sulphuric acid 

and water, 266. 
Cone, 448 ; frustum, 450. 
Cube, 192; cube root, 389; by 

logarithms, 413. 
Cylinder, 445. 

Decimal fractions, 25 ; reading, 
best way, 27 ; changing to 
common, 276, 277; circulating, 
279-283; shortening decimals, 
145. 

Discount, 356, 358; true, 361, 362, 
note. 

Division, 149-168 ; by reciprocals, 
162; contracted, 168; of two 
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kinds, 150 ; compound, 308 ; by 

logarithms, 415-419. 
Double position, 425. 
Drafts, 372-374. 
Duties, 351 ; ad valorem, 231. 

Eabth, circumference of, 97. 

Ellipse, 451. 

Equation : solution of, 66 ; of pay- 
ments, 267. 

Exchange, 372, 374 ; foreign, 
263. 

Expansion : coefficient of, 340, 
note; of air, ibid; of iron, 224; 
of glass and steel, 320. 

Exponent, 148 ; negative, 169 ; 
logarithms. 411. 

Factors: cancelling, 155; detect- 
ing prime, 220-226; multiply- 
ing by, 132 ; with negative ex- 
ponents, 228. 

Falling bodies, 454. 

Fractions ; decimal, 25, 27 ; com- 
mon, 244-284; terms of, 250; 
improper, 252, 258 ; multiplica- 
tion of, 262, 264; division of, 
266 ; common denominator, 268 ; 
addition, 270 ; subtraction, 271 ; 
simplification, 272-274 ; chang- 
ing common and decimal, 276, 
277 ; in compound numbers, 
309-312. 

Gravity, accelerating force of, 

454. 
Gun metal, composition of, 215. 
Gunpowder : composition of, 215, 

220; specific gravity, 101. 



Height of objects in horizon, 458, 

459. 
Horizon, distance of, 458, 459. 
Hydraulic press, 453. 
Hydrostatic pressure, 453. 

Insurance, 350. 

Interest, 352; compound, 367, 368; 
annual, 369 ; computed by loga- 
rithms, 442. 

Invoice, 231. 

Involution and Evolution, 379- 
397; by logarithms, 412-419. 

Knot, 287, 302. 

Leap year, 301. 
Lever, 343. 

Light : intensity of, 342 ; velocity 
of, 68. 

Logarithms, 399 et seq.; common, 
401 et seq.; calculation of, 402; 
characteristic and mantissa, 403- 
410; exponents, 411; of quo- 
tient, 415-419 ; of reciprocal, 
416, 417. 

Longitude, 313-316 ; reduction to 
time and the reverse, 315. 

Measures: metric, length, 184; 
surface, 189 ; volume, 194, 197 ; 
weight, 199, 200 ; common, 287, 
293-300; comparison of metric 
and common, 322; miscellane- 
ous, 160 ; measure of time, 301 ; 
of angle, 302 ; temperature, 304. 

Mensuration of squares and rec- 
tangles, 187, 293 ; triangles, 443 ; 
circles, 201-206, 188; cubes and 
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rectangular parallelopipeds, 210 ; 
of prisms, 446 ; cones, 448 ; pyr- 
amids, 446 ; frustums, 450 ; bowls 
and boilers, 449 ; cylinder, 445 ; 
sphere, 205, 211, 189. 

Miles, 287 ; nautical, or geograph- 
ical, or knot, 287, 302, notes. 

Money : U. S., 182 ; foreign, 
303. 

Multiplication, 126 ; of decimals, 
128; contracted, 143; by com- 
plements, 137; by reciprocals, 
164; by factors, 132; com- 
pound, 307. 

Notation, 2, 16. 

Notes of hand and bank discount, 

358. 
Numeration, 2, 16. 

Okcometbics, 194, 196, 325-329. 

Pabenthesis, when needed, 111 ; 
how to use, 67, 68. 

Partial payments, 363 ; U.S. rule, 
365; Vermont, New Hampshire, 
and Connecticut, 252. 

Partnership, 342. 

Pendulum, 452. 

Percentage, 343 et seq. 

Planets, approximate distances of, 
69. 

Poll tax, 351, Ex. 

Position, 425. 

Pound, weight, 298, note; Eng- 
lish money, 303. 

Powers, 148, 378-397. 

Present worth, 360. 

Prism, 446. 



Principal, 353. 

Progression, arithmetical, 430- 

434; geometrical, 435-441. 
Proportion, 323-338; test of, 335; 

compound, 339-340, also 267. 
Pyramid, 446 ; frustum, 450. 

Rate per cent, 355. 

Ratio, 323. 

Reciprocal, 161. 

Reduction, 291, 292; time and 

longitude, 315, 316. 
Representative numbers, 345-347. 
Roots, 379-397; by logarithms, 

413. 
Rule of Three, 336, 338 ; of false, 

or double position, 425. 

Screw, 344. 

Shingles, 321. 

Similarity, geometrical, 398. 

Sinking fund, 317 (Exs. 17, 18). 

Solder, composition of common, 
216. 

Sound: velocity of, 460, 461; in 
iron, 461 ; in water, 461. 

Specific gravity explained, 212, 
214, 215 ; table of some common 
substances, 348; problems in, 
199. 

Sphere : surface of, 205, 189 ; vol- 
ume of, 211. 

Stock, 370, 371; investments in, 
254,259. 

Subtraction, 71; tests, 72; com- 
pound, 306. 

Taxes, 351. 
Thermometers, 304. 
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Ton': metric, 199; common, 298; 

long, 298 ; comparison of, 322. 
Triangles, area of, 443, 444. 
Type metal, composition of one 

kind, 215. 

Unit, arbitrary assumption of, 
166, 167, 275, 347. 

Velocity : of light, 68 ; measure 
of, 178, 179; of falling bodies, 



454; of fountains, 455; affect- 
ing centrifugal force, 457; of 
sound, 460, 461 ; virtual veloci- 
ty, 453, 343 (Exs. 204-209), 
344 (Ex. 210, 211). 
Ventilation, 321. 

Weight : troy, 297 ; avoirdupois, 
298 ; of a bushel of various ar- 
ticles, 304, note. 

Work done by mill-stream, 456. 



VOCABULARY. 



Abstract number. This phrase is employed to designate numbers 
used without reference to any particular unit, as 8, 10, 21. But 
all numbers are in themselves abstract whether the kind of thing 
numbered is or is not mentioned. 

Addition. The process of combining two or more numbers so as 
to form a single number. 

Aliquot part. A number which is contained an integral number 
of times in a given number. Thus, 5, 6 J, 12 J, 16§, are aliquot 
parts of 100. 

Amount. . The sum of two or more numbers. In Interest, the sum 
of principal and interest. 

Analysis. The separation of a question into parts, to he examined 
each by itself. 

Annuity. A sum of money that is payable yearly or in parts at 
fixed periods in the year. 

Antecedent. The first of the two terms named in a ratio. 

Area of a surface. The ratio of the surface to another surface as- 
sumed as the unit of measure ; usually the square of the linear unit. 

Arithmetic. The science that treats of numbers and the methods 
of using them. 

Assets. All the property belonging to an estate, individual, or cor- 
poration. 

Average. The mean of several unequal numbers, so that, if substi- 
tuted for each, the aggregate would be the same. 

Bank. An establishment for the custody, loaning, and exchange of 
money ; and often for the issue of money. 

Bank discount. An allowance received by a bank for the loan of 
money, paid at the time of lending as interest on the sum lent. 

Bonds. Written contracts under seal to pay specified sums of money 
at specified times, issued by national governments, states, cities, 
and other corporations. ix * 



X VOCABULARY. 

Cancellation. The striking out of a common factor from the divi- 
dend and divisor. 

Combination. An arrangement of different things without reference 
to their order of sequence. 

Commission. Compensation for the transaction of business, gener- 
ally reckoned at some per cent of the money employed in the 
transaction. 

Common denominator. A denominator common to two or more 
fractions. 

Common factor. A factor common to two or more numbers. 

Common multiple. A multiple common to two or more numbers. 

Complex fraction. A fraction that has a fraction in one or both of 
its terms. 

Composite number. The product of two or more integral factors, 
each factor being greater than unity. 

Compound denominations. Several denominations used to express 
parts of one quantity. 

Compound interest. When the interest due is left unpaid, and con- 
sidered as an increase made to the principal, the whole interest, 
accruing in any time, is called compound interest. 

Compound fraction. A fraction of another fraction. 

Concrete number. A phrase without meaning. Things numbered 
are concrete, but the number is abstract. 

Consequent. The second of the two terms named in a ratio. 

Consignee. The person or firm to whom goods are sent. 

Consignor. The person or firm who sends goods to another. 

Corporation. An association of individuals authorized by law to 
transact business as a single person. 

Couplet. The two terms of a ratio taken together. 

Coupon. A certificate of interest attached to a bond, to be cut off 
when due and presented for payment. 

Creditor. A person or firm to whom money is due. 

Cube root. One of the three equal factors of a number. 

Customs. Duties or taxes imposed by law on merchandise imported, 
and sometimes on merchandise exported. 

Debtor. A person who owes money to another. 

Decimal. A tenth. In the ordinary notation, a figure in combina- 
tion with others has only the tenth part of the value it would 
have if removed one place towards the left. Thus, in 476, the 4 
means 4 times 100 ; the 7, 7 times 10 ; the 6, simply 6. 



VOCABULARY. xi 

Decimal fractions. Fractions of which only the numerators are 
written, and the denominators are ten or some power of ten. 

Decimal point. A dot placed after the units figure to mark its place. 

Decimal system. The common system of numbers founded on their 
relations to ten, ten tens, etc. 

Denominator. The number which shows into how many equal 
parts a unit is divided. 

Difference. The number which, added to a given number, makes a 
sum equal to another given number. 

Discount. Allowance made for the payment of money before it be- 
comes due. Also, the amount which the market value is below the 
face or nominal value. 

Dividend. In division, the given number which is equal to the 
product of a given factor (called divisor) and required factor 
(called quotient). In business, the share of profits which belongs 
to each owner of stock, according to his proportion of the whole 
capital. 

Division. The operation by which, when a product and one of its 
factors are given, the other factor is found. 

Divisor. The number by which a given dividend is to be divided. 

Draft. A written order directing one person to pay a specified sum 
of money to another. 

Drawee of a draft. The person to whose order the sum of money 
named in a draft is to be paid. 

Drawer of a draft. The person who signs the draft. 

Duty. A sum of money required by government to be paid on the 
importation, exportation, or consumption of goods. 

Equation. A statement that two expressions of numbers are equal. 

Equation of payments. The finding of an average time at which 
several payments may be justly made. 

Exchange. A system of paying debts, due to persons living at a dis- 
tance, by transmitting drafts instead of money. 

Exponent. A small figure placed at the right of a number to show 
how many times the number is taken as a factor. 

Extremes. The first and last terms of a proportion or of a series. 

Evolution. The process of finding the root of a number. 

Factors. The factors of a number are a set of numbers whose product 
is the given number ; they are assumed to be integral except in 
the extraction of roots. In commerce, agents employed by mer- 
chants to transact business. 



xu VOCABULAKY. 

Figures. Symbols used to represent numbers in the common system 
of notation. Also diagrams used to represent geometrical forms. 

Firm. The name or title under which a company transact 
business. 

Fractions. One or more of the equal parts into which the unit is 
divided. 

Geometrical series. A series in which each term is obtained from 
the one preceding it by multiplying the preceding term by a 
constant factor. 

Grace. An allowance of three days, after the date a note becomes 
due, within which to pay the note. 

Gram. The unit of weight in the metric system, equal to 15.43235 
troy grains 

Greatest common measure. The greatest number which is a com- 
mon factor of two or more given numbers. 

Improper fraction. A fraction whose numerator equals or exceeds 
the denominator. 

Index. A figure written at the left and above the radical sign to 
show what root of the number under the radical sign is required. 
A fraction written at the right of a number, of which the nume- 
rator shows the required power of that number and the denomi- 
nator the required root of that power. 

Instalment. A payment in part. 

Insurance. A guarantee of a specified sum of money in the event 
of loss of property by fire, storm at sea, or other disaster ; or of 
loss of life. 

Integral number. A number which denotes whole things. 

Interest. The sum paid for the use of money. 

Involution. The process of finding a power of a number. 

Latitude of a point. The angle made by the vertical line at that 
point with the plane of the equator. * 

Least- common multiple. The least number which is a common 
multiple of several given numbers. 

Liability. A debt, or obligation to pay. 

Line. Length without breadth or thickness. The path of a mov- 
ing point. 

Liter. The unit of capacity in the metric system equal in volume 
to a cube each edge of which is one- tenth of a meter ; it is 
equivalent to 1.05671 liquid quarts. 



VOCABULARY. Xlli 

Logarithm of a number. The exponent of the power to which 10 

must be raised in order to obtain the number. 
Long division. The method of dividing in which the processes are 

written in full. 
Longitude of a point. The angle between two planes which are 

supposed to pass through the centre of the earth and contain, the 

one the meridian of that point, and the other the standard merid- 
ian. 
Loss. In business, the excess of the cost price above the selling 

price or net proceeds of, sale. 
Maturity of a note. The date at which a note legally becomes due. 
Mean proportional. A number which is both the second and third 

terms of a proportion. The square of a mean proportional is 

equal to the product of the extremes. 
Means. The terms of a proportion or of a series intervening be- 
tween the extremes. 
Meter. The unit of length in the metric system, equal to 39.37043 

inches. 
Minuend. The .given number in subtraction which is equal to the 

sum of another given number called the subtrahend, and a required 

number called the difference or remainder. 
Mixed number. A number that expresses both entire things and 

parts of things taken together. 
Multiple of a number. The product obtained by taking the given 

number an integral number of times. 
Multiplicand. The number to be multiplied by another. 
Multiplication. The operation of finding a number bearing the same 

ratio to the multiplicand which the multiplier bears to unity. 
Multiplier. The number by which the multiplicand is multiplied. 
Net proceeds. The amount that remains of the money received for 

property after paying all expenses incurred in disposing of it. 
Notation. A system of expressing numbers by symbols. 
Note. A written agreement to pay a specified sum of money at a 

specified time. 
Number. The answer to the question, How many ? 
Numeration. A system of naming numbers. 
Obligation. A debt, or liability to pay. 
Order of number. A name used to designate the number of things 

in a group, as tern, hundreds, thousands, etc. 



xiv VOCABULARY. 

Oncometrics. The measurement of volumes. 

Partial payment. Part payment on a note. 

Partnership. An association of two or more persons to carry on 

business. 
Par value. Face or nominal value. 
Pendulum. A body suspended by a straight line from a fixed point, 

and moving freely about that point as a centre. 
Percentage. A part of any given number reckoned at some rate 

per cent. 
Period. A group of three figures. 
Permutation. The changing of the order of sequence in a given 

number of things. 
Planet. A celestial body revolving about the sun. 
Policy. The written contract of insurance. 
Poll tax. A tax levied by the head or poll. 
Power. The product of two or more equal factors. 
Premium. The bum paid for insurance computed at some rate per 

cent of the amount insured. Also the excess of market value 

above par value. 
Present worth. The present value of a debt due at some future day. 
Prime number. A number which has no integral factors except 

itself and one. 
Principal. The sum of money drawing interest. 
Problem. A question to be solved. 
Product. The result obtained by multiplying the multiplicand by 

the multiplier. 
Profit. The excess of selling price or net proceeds above cost. 
Progression. A series. 

Proof. The evidence by which the accuracy of any result is estab- 
lished. 
Proper fraction. A fraction the numerator of which is less than the 

denominator. 
Proportion. A statement that two ratios are equal. 
Quantity. The answer to the question, How much ? 
Quotient. The number sought in division. 
Rate per cent. Rate by the hundred. 
Ratio. The relative magnitude of two numbers or of two quantities 

compared. 
Reciprocal of a number. One divided by that number. 



VOCABULARY. XV 

Reduction. The process of changing the unit in which a quantity 
is expressed without changing the value of the quantity. 

Remainder. The number which, added to the subtrahend, gives a 
sum equal to the minuend. 

Roman notation. The system of expressing numbers adopted by 
the Romans, which employs seven letters of the alphabet. 

Root of a number. One of the equal factors of the number. 

Rule. The statement of a prescribed method. 

Security. Property used to guarantee the payment of any obliga- 
tion. 

Series. A set of terms any one of which can be derived from one or 
more of the terms that precede, according to some law. 

Share. One of a certain number of equal parts into which the 
capital of a company is divided. 

Short division. The method of dividing in which the operations 
of multiplying and subtracting are performed mentally. 

Solid. A magnitude which has length, breadth, and thickness. 

Solution. The process by which the answer to a question is obtained. 

Specific gravity of a substance. The ratio of the weight of a 
given volume of it to that of an equal volume of water. 

Square root. One of two equal factors. 

Stock Capital invested in business. 

Subtraction. The process of finding a number which added to one 
of two given numbers will produce the other. 

Sum. The number which results from combining two or more num- 
bers together. 

Surd. An indicated root the value of which cannot be exactly ex- 
pressed in figures. 

Surface. That which has only length and breadth. 

Thermometer. An instrument for measuring heat. 

Unit. A single thing. Also, an arbitrary length, adopted as a stan- 
dard of measure, in terms of which all measurements are expressed. 

Verify. To establish, by experiment, the truth of any statement. 

Volume of a solid. The ratio of the solid to an assumed unit of 
measure ; usually a cube of the linear unit. 
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CHAPTER I. 

NUMBERS. 

1. A fundamental idea, like that of number, cannot 
be defined. A number is the simple, direct answer to the 
question, How many ? 

2. A system of naming numbers is called numeration, 
and a system of representing numbers by symbols is called 
notation. 

The first twelve numbers, formed by adding one thing at 
a time, are named : 

One, two, three, four, five, six, seven, eight, nine, ten, 

eleven, twelve. 

These numbers are represented by Arabic figures, or 
digits, as follows: 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. 

3. The digit 0, called naught, zero, or cipher, is used 
as a symbol of the words "none" or "nothing." A digit 
written in the seoond place to the left of another digit sig- 
nifies tens. Thus, 10 is one ten and nothing ; 11 is one ten 

and one ; 12 is one ten and two ; 23 is two tens and three ; 

» 

etc., etc. 

1 
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4. The next seven numbers, 13, 14, 15, 16, 17, 18, 19, 
are the teens: thirteen, fourteen, fifteen, sixteen, seventeen, 
eighteen, nineteen. 

5. Two tens are called twenty ; three tens, thirty ; four, 
forty ; five, fifty ; six, sixty ; seven, seventy ; eight, eighty ; 
nine, ninety. 

Thus, 57 is fifty-seven ; 63, sixty-three; 89, eighty-nine; 
etc. 

6. Read the numbers : 

14, 13, 11, 12, 19, 18, 17, 16, 15, 10, 20, 22, 21, 27, 26, 
25, 28, 23, 24; 

30, 32, 31, 36, 38, 34, 35, 37, 33, 29, 44, 55, 66, 77, 43, 
52, 61, 42, 41, 45, 49, 57, 47, 60, 56; 

67, 76, 53, 39, 58, 75, 77, 83, 87, 92, 91, 96, 87, 99, 98, 
85, 74, 84, 48, 46, 44, 64, 65, 63. 

7. Ten tens are one hundred ; and hundreds are written 
in the third place toward the left ; thus : 

100, one hundred ; 700, seven hundred ; 823, eight hun- 
dred twenty-three ; 941, nine hundred forty-one ; 607, 
six hundred seven. 

8. Read the numbers : 

121, 222, 78, 780, 778, 708, 827, 741, 531, 712, 231, 
365, 474, 439, 143; 

'534, 587, 932, 239, 392, 617, 761, 176, 873, 246, 789, 
879, 987, 978, 934, 543, 897; 

707, 680, 704, 518, 405, 903, 319, 309, 104, 870, 801, 
807, 708, 610, '909, 120, 201. 
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9. Write in figures : 

Seventeen, seventy, nineteen, ninety-three, sixteen, sixty 
seven, fourteen, forty-five, fifty-nine ; 

One hundred three, seven hundred nineteen, three hundred 
three, six hundred eight, six hundred eighteen, six hun- 
dred eighty ; 

Nine hundred ten, ^ve hundred six, eight hundred eighty- 
eight, four hundred twenty-seven, seven hundred sixty- 
five, two hundred eleven. 

10. Ten hundred make one thousand, and thousands are 
written in the fourth place to the left. 

Tens of thousands are written in the fifth place, hundreds 
of thousands in the sixth place. 

A comma is usually placed among the figures at the 
point where, in reading, the word thousand comes. 

Thus, 621,453 is 621 thousand, 453 ; and 700,006 is 
7 hundred thousand, six. 

11. Read the numbers : 

1000; 7000; 7842; 1067; 5043; 8375; 18,757; 75,764; 
234,567; 34,561; 123,456; 

654,089; 600,897; 607,804; 2753; 704,608; 900,008 
806,042; 709,053; 350,709; 240,682; 118; 537; 3094 

5000; 50,000; 500,005; 682,000; 246,001; 753,110 
703,101 ; 930 ; 2020 ; 200,200 ; 708,056 ; 70,856 
870,890. 

12. Write in figures : 

Eight hundred thousand eight hundred eight ; six hundred 
thousand six; seven hundred thirteen thousand three 
hundred nine. 
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Five hundred seventeen thousand six hundred thirteen ; 
seven thousand eight hundred fifty-four ; seven hundred 
eighteen thousand eight hundred eighty-nine. 

13. A thousand thousands make a million; and mil- 
lions up to 999 millions are written in the seventh, eighth, 
and ninth places. 

Thus, 728,651,423 is 728 million, 651 thousand, 423. 

14i Bead the numbers : 

21,978,564; 17,756,423; 300,200,100; 707,303,202; 
312,406,780; 908,765,487; 2,632,561. 

15. Digits are thus divided by commas into periods of 
three places each. Each period contains its own units' 
place, tens' place, and hundreds' place ; but the unit in the 
first period, on the right, is one } in the .second period, a 
thousand ; in the third period, a million ; and so on. 

The first period is called the units' period ; the seoond is 
the thousands' period ; the third is the millions 1 period. A 
fourth period is the billions' period ; a billion being a thou- 
sand millions; and the fifth period the trillions 1 period. 
The next periods, taken in order, are quadrillions, quin- 
tillions, sextillions, septillions, octillions, and so on. 

16. We may read the number 1736 either as 1 thousand 
736, or as 17 hundred 36. In like manner, we may read 
a larger number in a still greater variety of ways ; thus, 
2,736,000,000, may be read, 2 billions, 736 millions; or,. 
2 thousand 736 millions ; or, 27 hundred 36 millions. To 
put this into the form of a rule : 

When numbers are expressed in words, the name of a 
smaller number following a larger signifies that the two 
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numbers are to be added ; but the name of a smaller num- 
ber coming before a larger, or before an equal number, 
signifies that the second is to be multiplied by the first. 

17. Read the numbers : 

764,123,897; 40080; 795,013; 103,547,020; 71,003,054; 
3,125,476,890; 79,501,346,081; 3,001,574. 

18. Write in order the numbers from 1 to 25 ; from 95 
to 115 ; from 195 to 215 ; from 985 to 1011 ; from 9995 to 
11111 ; from 99999 to 100,011. 

19. Write in figures, then read from the figures : 

One hundred ten ; one hundred one ; two hundred seven ; 
three hundred seventy ; six hundred forty-one ; seven 
hundred thirty-two ; eight hundred eight ; eight hun- 
dred eighty ; nine hundred sixty-four ; nine hundred 
ninety-three ; one hundred seven ; one thousand seven ; 
one thousand ten. 

Six million one thousand one; three million five; five 
million six; four million three hundred thousand three 
hundred three ; seven million six hundred thousand 
eight hundred twenty-nine ; eighty-one thousand ninety- 
five ; seventeen hundred thousand millions ; twenty-one 
thousand thousands ; eighty -three million millions. 

One hundred ten million two hundred seventy-nine ; nine^ 
teen trillion four million three hundred three ; one quad- 
rillion one hundred twelve trillion three hundred thirty- 
four million two hundred eleven ; ten quintillion two 
trillion three hundred billion five thousand seven. 



CHAPTER II. 

DECIMAL FRACTIONS. 

20. Those things of which we do not naturally ask. 
How many? but, How much? we endeavor to measure; 
and we answer the question, How much? by answering, 
How many measures? 

21. The measure of any kind of quantity is readily con- 
ceived as divided into ten smaller measures. A dollar, for 
example, as a measure of value, is divided into ten dimes ; 
each dime into ten cents ; each cent into ten mills. 

22. Dollars are signified by the mark $ written at the 
left of the figures. 

When part of a dollar is to be written, a full point is 
written after the dollars, the dimes are written to the right, 
then the cents and mills. 

For example: $17 is seventeen dollars; $18.20 is 
eighteen dollars, two dimes, or eighteen dollars, twenty 
cents; $35,875 is 35 dollars, 87 cents, 5 mills; $0.08 is 8 
cents. 

23. Read as dollars, cents, and mills: $76,375; $163.58; 
$241,185; $357.34; $12.50; $0,875; $0,125; $1.01; 
$10.10. 

24. A dime is the tenth of a dollar, a cent the hun- 
dredth of a dollar, a mill the thousandth of a dollar. 



DECIMAL FRACTIONS. 7 

Parts of other measures than those of value may be writ- 
ten in the same way ; with tenths, hundredths, etc., to the 
right of a point. Thus, if we omit the mark $ from $ 5.375, 
it may stand for 5 quarts, yards, bushels, or any other full 
measures, and 375 thousandths of another measure. 

25. Parts thus written are called Decimal Fractions. 

We write and number to the right of the units' place, 

precisely as we do to the left, first carefully marking the 

units' place with a decimal point to its right. Thus, in 

the figures 

9,876,543,210.123,456,789 

the full point after shows that stands in the units' 
p] ace. The 1 to the left is 1 ten, the one to the right is 1 
tenth ; the 2 to the left is 2 hundreds, the 2 to the right is 
2 hundredths ; the 3 to the left is 3 thousands, the 3 to the 
right is 3 thousandths ; the 4 to the left is 4 ten-thousands, 
the 4 to the right is 4 ten-thousandths ; the 5 to the left is 
5 hundred-thousands, the 5 to the right is 5 hundred-thou- 
sandths ; the 6 to the left is 6 millions, the 6 to the right 
is 6 millionths ; and so on. 

In like manner, the 210 is the units' period ; the 543 is 
the thousands 9 , the 123 the thousandths' period, etc. ; so 
that the number may be read 9 billions, 876 millions, 543 
thousands, 210, and 123 thousandths, 456 millionths, 789 
Billionths. 

26. In reading decimal fractions in this manner, we are 
obliged, if the right-hand period contains less than three 
places, to fill the missing places mentally with naughts. 
For example, .0004 would be read 400 millionths. This 
is sometimes objectionable (for reasons which will hereafter 
be plain to the student), and therefore the more usual way 
of reading is : 
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Head the decimal precisely as if a whole number, and add 
the fractional name of the lowest place. 

For example, 5.17 is read 5 and 17 hundredths; 5.0017, 
five and 17 ten-thousandths ; 6.0203107, six and 203 thou- 
sand 107 ten-milliofiths. 

In either of these ways of reading decimals, the word 
" and " is distinctly pronounced at the decimal point and 
carefully omitted in all other places. Thus, one hundred 
forty-seven means 147; but one hundred and forty-seven 
thousandths means 100.047; and .147 must be read one 
hundred forty-seven thousandths. 

Another ambiguity in this way of reading can be avoided 
only by a pause ; thus, .300 is three hundred . . . thou- 
sandths, while .00003 is three . . . hundred-thousandths. 

27. To avoid these ambiguities, practical computers in- 
troduce the word " decimal " at the place of the point, and 
then pronounce the digits in succession to the right. Thus, 
203.07051 is read two hundred three, decimal, naught, seven, 
naught, five, one. 

28. Read the mixed numbers : 

17.23; 18.41; 27.49; 341.07; 1.52; 0.52; .52; .1357 
201.106; 11.111; 13.013; 17,000.017; 6132.0173; .0609 
.00613; 26.7; 2.67; .267; .00267; 195.123; 0.83; 0.0087 
.00091; 3.1416; 3.14159; 3.14159265. 

29. The necessity for putting the decimal point in its 
right place may be seen on comparing $312.50, $31.25, 
$3,125, and $0.3125. To move the point one place is to 
multiply or divide by ten. 

30. Write in figures, then read from the figures : 

75 hundredths ; 8 thousandths ; 7 tenths; sixty hundredths ; 
77 thousandths ; 83 ten-thousandths ; eight and three ten- 
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thousandths; six, decimal, naught, naught, one, naught, 
three ; five, decimal, six, naught, seven, three, one ; 

Nine and 43 millionths ; 143 millionths ; one hundred and 
43 millionths ; one hundred forty and three millionths ; 
nine hundred forty-three thousand and nine hundred 
forty-three thousandths ; 722 ten millionths ; thirteen, 
decimal, naught, one, four, six, eight. 

31. Point 6753241 in eight different ways, and read each. 
Point 8957 in eight different ways, prefixing or annexing 
naughts, and read each. 

32. Write in figures : 

Three hundred seven ; three hundred and seven thou- 
sandths ; three hundred seven thousandths ; three and 
one hundred seven thousandths ; three hundred seven 
and fourteen thousandths. 

33. Read as dollars, cents, and mills : 

$24,073; $16,187; $35,625. 

Read the same figures as whole numbers and decimal 
fractions without naming any unit. 

34. Write in figures : 

81 thousand and 345 thousandths ; 37 hundred 41 and 675 
thousandths ; 4 hundred 13 and 8 hundredths ; 96 and 
96 thousandths. 

Read them as dollars, cents, and mills. 

35. Write as money, then read as whole numbers and 
fractions without naming any unit : 

Five and a half dollars ; thirteen dollars and twenty-five 
cents ; 83 dollars and 14 cents ; 60 dollars and 12 and a 
half cents ; 6 dollars, 9 cents, and 9 tenths of a mill. 
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KEVIEW I. 

Numeration is a system of naming numbers. 

The names of numbers from one to twelve are all dif- 
ferent. The names of numbers between twelve and twenty 
are formed by adding ten to names of numbers less than ten ; 
as, thirteen, fourteen, etc. 

Tens are counted like simple units. Thus, two tens, 
three tens, called twQnty, thirty, etc. 

Ten tens are called a hundred, just as ten units are called 
a ten. That is, we regard a ten as a single group, and call 
it a unit of the second order ; a hundred as a group of ten 
tens, and call it a unit of the third order. 

The names of numbers between any two tens, as from 
twenty to thirty, are formed by adding to the name of the 
smaller number of tens the names of numbers less than ten ; 
as, twenty-one, twenty-two, etc. 

Hundreds are counted like tens ; as, one hundred, two hun- 
dred, etc., up to ten hundreds, which is called a thousand. 

The names of numbers between any two hundreds are 
formed by adding to the name of the smaller number of 
hundreds the names of the numbers less than a hundred ; 
as, one hundred one, one hundred two, etc. 

A thousand is regarded as a single group of ten hun- 
dreds, and is called a unit of the fourth order. 

Thousands are counted precisely like hundreds, tens, and 
simple units, up to ten thousands. 

The names of numbers between any two thousands are 
formed by adding to the name of the smaller number of 
thousands the names of numbers less than a thousand ; as, 
one thousand one, one thousand two, etc. 

Ten thousand is regarded as a unit of the fifth order ; a 
hundred thousand as a unit of the sixth order. 
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Ten hundred thousand is called a million, and is regarded 
as a unit of the seventh order ; and so on, always forming 
from ten units of the same order one unit of the next highei % 
order. 

It is necessary to observe that we say a unit of thousands, 
& ten of thousands, a hundred of thousands, just as we say 
a simple unit, a ten of units, a hundred of units. That is, 
we regard the thousands as a second class of units composed 
of three orders, just as the first class of units is composed of 
three orders. 

Likewise we regard the million as a third class of units, 
containing the units of millions, the tens of millions, the 
hundreds of millions. 

The following table presents the names and the succession 
of the units of the different orders and different classes : 



Fourth Class. 
BILLIONS. 



a 

c 
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Third Class. 
MILLIONS. 
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00 



Second Class. 
THOUSANDS. 



W 
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I? 
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First Class. 
SIMPLE UNITS 



p-^ ,_,. 
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a a. 
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CD 

a 

OB 



GQ 
CD 

rt 

O 

a 
P- 

O 

a. 

CD 



■73 oo 

00 • 



That is, the oommon system of numeration is founded 
upon the following principle : Ten units of any order are 
equal in value to one unit of the next higher order ; and one 
unit of any order is equal in value to ten units of the next 
lower order. 

Decimal fractions are formed by dividing the unit into 
ten equal parts, called tenths; the tenth into ten equal 
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parts, called hundredths; the hundredth into ten equal 
parts, called thousandths; the thousandth into ten equal 
parts, called ten-thousandths, etc. 

By comparing these different decimal fractions, we see 
that the formation of decimal fractions depends, like that 
of whole numbers, upon the following principle : Ten units 
of any order are equal in value to one unit of the next higher 
order ; and one unit of any order is equal in value to ten 
units of the next lower order. 

Notation is a system of writing numbers. 

The oommon system of notation employs ten figures, or 
digits : 1, 2, 3, 4, 5, 6, 7, 8, 9, 0. The first nine figures 
represent the first nine numbers ; the last, which is called, 
zero, or naught, is used to denote the absence of units of 
the order in which it stands. These ten figures express all 
numbers by the artifice of making the value of each figure 
increase tenfold for every place that it is moved to the left. 

To write a number in figures, we write successively the 
number of units of each order from left to right, beginning 
at the highest order, taking care, if the number contain a 
decimal fraction, to put a full point at the right of the 
units' figure, and to supply by zero the units of any order 
that may be lacking. If the number contain no whole 
number, we put a zero in the units 1 place, and the decimal 
point to the right of the zero. 

To read a number written in figures, we divide the num- 
ber into periods of three figures each, from right to left. 
This done, we begin to read at the last period on the left, 
and read as if the figures of that period stood alone, adding 
the name of the period. Then the next period to the right 
is read, with the name of that period, and so on. 

If the number contain a decimal fraction, we first read 
the whole number ; then the decimal as a whole number, 
taking care to add the fractional name of the lowest place. 



CHAPTER III. 

ADDITION. 

36. Addition means putting together. The Saint 
George's Cross (+) is read plus, and means that the num- 
bers between which it stands are to be added together. 

The result obtained by adding together two or more 
numbers is called their sum. 

The sign of equality (=) stands for the words "equals," 
or " equal." 

Thus, 8 + 1 = 9 is. read, eight plus one equals nine. 

37. Add 2 to each number from to 9 ; add 3 to each 
number from 3 to 9. 

Add 4 to each number from 4 to 9 ; add 5 to each num- 
ber from 5 to 9. 

Add 6 to each number from 6 to 9 ; 7 to 7, to 8, and to 9 ; 
8 to 8, and to 9 ; 9 to 9. 

Repeat these additions until thoroughly familiar with them. 

38. Name, as fast as you can talk, the even numbers, 
2, 4, 6, etc., up to 102. 

Name the odd numbers, 1, 3, 5, etc., up to 101. 

39. Name every third number, 0, 3, 6, etc., up to 102. 
Name every third number, 1, 4, 7, etc., up to 103. 
Name every third number, 2, 5, 8, etc., up to 101. 

40. Name every alternate even number, 0, 4, 8, 12, etc., 
up to 100. 
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Name every alternate even number, 2, 6, 10, etc., up to 102. 
Name every alternate odd number, 1, 5, 9, etc., up to 101: 
Do the same, beginning 3, 7, 11, etc., and go to 103. 

41. Name every fifth number under 100, beginning 5, 
10, 15, etc. ; beginning 1, 6, 11 ; beginning 2, 7, 12 ; be- 
ginning 3, 8, 13 ; and beginning 4, 9, 14. 

42. In like manner, add by sixes up to a number exceed- 
ing a hundred, beginning 0, 6, 12 ; beginning 1, 7, 13 ; 
beginning 2, 8, 14 ; and so on. 

43. Add by sevens up to a number exceeding 100, begin- 
ning 0, 7, 14 ; 1, 8, 15; and so on ; by eights, beginning 0, 
8, 16 ; 1, 9, 17 ; and so on ; by nines, beginning 0, 9, 18 ; 
1, 10, 19 ; and so on.* 

44. For the addition of numbers in general, the following 
mode has been found most convenient. 

Write the numbers in columns, units under units, tens 
under tens, tenths under tenths, etc. 

Add the digits in the right-hand place ; set the units of 
the sum in that place, but carry the tens mentally to the 
next place to the left, to be added to the digits there, and 
so proceed. 

The study of three or four examples will make the pro- 
cess understood. 



* The teacher may take ten small cards. On each side of the first write 
; of tlie second, 1 ; etc. Shuffle, and dictate the numbers on all but one 
for the class to add. Subtract the reserved number from 45 ; the remainder 
is the sum. With two sets of cards at once, subtract the reserved number 
from 90. For advanced classes, use cards with larger numbers; and 
complemental cards, which may be obtained of the publishers, furnishing 
unlimited examples, with the answers to all. 
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4128 The following wording, and no more, is to be 

3789 used: 1, 8, 17, 25 (emphasize 5, and write it 
2667 down while pronouncing it), carry 2 ; 4, 10, 18, 
20, carry 2; 10, 16, 23, 24, carry 2; 7, 9, 



5821 



16405 12, 16. 

271.188 2.7113 314. 

51.27 .51278 .0561 

1003.684 10.03684 27.53 



1326.142 13.26092 341.5861 

45. Find the following sums : 

231 + 764; 341 + 57.8; 430.31 + 58.61; 512.87 + 36.84 
+ 12.78 + 711.56 + 415.86. 

46. Add 1543.1 to 164.7; to 1728; to 402.56 ; to 1897.3 ; 
to 475.34 ; to 6897.65. 

47. Add 1897.3 to 475.34; to 6897.65; to 1728; to 
402.56; to 164.7; to .5236; to 2.71828. 

48. Find the following sums : 

.7854 + 3.1416 + 2.71828 ; .7854 + 3.1416 + 30,103 ; 

2.71828+402.56+1897.3; 2.7113+27.53+341.586. 

49. Add 737.87 to each of the following numbers : 
111; 1011; 2304; 222; 263; 373; 262.13; 561.2; 32.35; 

604.3. 

50. Find the five sums : 

230.8 + 223 + 2.63 + 373.8 + 56.123 ; 32.358 + 821.9 + 
23.04 + 73.7 ; 202.3031 + 71.575 + 65.813 + .0078 + 
7.377 ; 653.03 + 65.303 + 6.5033 ; 939.303 + 65.746 + 
8.2794 + 681.28. 
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51 • In this article are given 24 decimal fractions, arbi- 
trarily numbered, for convenience in referring to them. 



No. 


Decimal. 


No. 


Decimal. 


1. 


0.4771213 


13. 


1.6093295 


2. 


2.7182818 


14. 


0.6213768 


3. 


3.1415927 


15. 


3.785 


4. 


0.7853982 


16. 


0.264 


5. 


0.5235988 


17. 


0.8450980 


6. 


0.4342945 


18. 


15.4323487 


7. 


0.2908882 


19. 


1.4142136 


8. 


4.8104774 


20. 


1.7320508 


9. 


2.5399772 


21. 


2.2360680 


10. 


0.3937043 


22. 


0.3819660 


11. 


0.3047973 


23. 


0.6180340 


12. 


3.2808693 


24. 


0.3010300 



52. Add together numbers 2, 3, 4, from the last article ; 
numbers 6, 8, 9 ; numbers 12, 9, 8 ; numbers 13, 18, 15 ; 
numbers 11, 24, and 14 ; numbers 10, 22, and 6. 

53. Add the numbers marked 24, 23, 22; 23, 21, 20; 
22, 20, 19; 21, 19, 18; 18, 17, 16; 15, 14, 13; 14, 12, 11; 
13, 12, 10; 11, 10, 9; 10, 12, 8; 11, 6, 5; 2, 3, 5. 

54. Add the numbers marked 2, 3, 4,5,6; 3, 5, 8, 9, 10 ; 
4, 6, 8, 10, 11 ; 10, 12, 13, 6, 8; 13, 11, 10, 5, 6; 13, 14, 
15, 16, 18 ; 14, 16, 18, 10, 12 ; 15, 16, 18, 19, 20 ; 18, 19, 
21, 22, 23. 

55. Add the numbers marked 1, 7, 13, 17, 22, 23, 24 ; 2, 
3, 4, 6, 8, 9, 10; 24, 23, 22, 21, 20, 19, 18; 13, 14, 15, 16, 
18, 19, 20; 10, 11, 12, 13, 14, 15, 16; 15, 18, 14, 19, 12, 
11,8. 
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61803 
43429 

47712 
62138 

215082 



56. A simple test of the correctness of an addition is to 
add a second time, beginning at the top instead of the bot- 
tom of the columns, or to add two columns at once. 

It is of great advantage to educate the eye to take in at 
a glance digits enough to make 10 or more, and then these 
sums can be added instead of the separate digits. 

To illustrate, take the example in the margin. Adding 
from the bottom, the computer says to himself 
(seeing 8 + 2 = 10, and 9 + 3 = 12), 10, 12, 22 ; 
8; 8, 12,20; 11,4, 15; 11, 10, 21. 

In the two-column mode he says, 50, 32, 82; 
and writes down the 82. Then he continues, 98, 
52, 150, and writes the 50 at the left of 82 ; then 
he proceeds, 11, 10, 21, and writes the 21. 

Many bookkeepers and merchants strongly recommend 
the addition of two columns at once, as the most expedi- 
tious and the least liable to error. 

Many computers begin at the bottom of the right-hand 
column in adding, and write on a piece of waste-paper the 
full sum of each column or double column ; then they be- 
gin at the top of the left-hand column, and add each column 
or double column, also writing the full sum ; finally, they 
add the sums obtained in the first addition, and the sums 
obtained in the second addition, and compare the results. 
Thus, in the example above, 



By Single 


Columns : 


By Doubl 


e Columns: 


22 


20 


82 • 


213 


6 


13 


150 


206 


20 


20 


20 


22 


13 


6 


215082 


215082 


20 


22 







215082 



215082 



57. Add the following by double columns, and test by 
adding "with single columns : 
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45.68 


154.31 


73.86 


73.91 


296.85 


453.71 


78.54 


736.48 


137.64 


534.69 


345.19 


98.87 


134.70 


782.34 


643.48 


581.43 


78.43 


462.71 


498.50 


65.42 


621.65 


17.37 


638.34 


167.32 


684.29 


763.43 


856.96 


231.56 


809.31 


718.83 


210.10 


798.83 


501.49 


671.54 


835.78 


315.72 


643.53 


356.47 


768.44 


791.52 


32.54 


763.89 


504.83 


254.63 


78.23 


879.26 


63.27 


345.61 


243.97 


131.56 


26.73 


732.86 


506.72 


489.56 


47.95 


283.54 


812.35 


856.43 


345.83 


607.28 


497.65 


643.46 


219.07 


541.26 


708.91 


68.72 


616.72 


463.73 


216.78 


857.94 


67.74 


436.74 



CHAPTER IV. 

SUBTRACTION. 

68. Subtraction means taking away. The sign (— ) is 
read minus, and means that the number before which it is 
placed is to be subtracted. 

For example, 8 — 5 = 3 is read, 8 minus 5 equals 3 ; 
17-8 = 9. 

59. The number to be subtracted is called the subtra- 
hend ; the number from which it is taken, the minuend j the 
resulting number is called the difference or remainder. 



). Count 50 backward. Name the even numbers from 
50 down to 0. Name the odd numbers from 51 down to 1. 

61. Subtract by threes : beginning 60, 57 ; beginning 
01, 58 ; beginning 59, 56. 

62. Subtract 4 from every number between 8 and 14 ; 
between 38 and 44. Subtract 5 from every number be- 
tween 5 and 15 ; between 85 and 95. 

63. Subtract 6 from each number between 6 and 16 ; 
between 46 and 56. Subtract 7 from each number between 
17 and 27. 

64. Subtract 8 from each number between 18 and 28 ; 
9 from each number between 59 and 69. 
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65, A number with the sign minus before it is called a 
miaul number. 

When the subtrahend is larger than the minuend, the 
remainder obtained by subtracting the minuend from the 
subtrahend is a minus number. Such results are common 
in Algebra, but are avoided in Arithmetic. 

The meaning of a minus number is generally manifest ; 
as in the example, The thermometer was at 17° and fell 
25 3 , how high was it then? This would be written, 
17°— 25° = — 8°, and shows that the mercury fell to 8° 
below zero. 

68, An expression containing the sign of equality (=) is 
called an equation. It is like a balanced scale-beam : the 
plus numbers may be represented by weights, the minus 
numbers by balloons lifting up the beam of the scale. 

The one rule in working with equations is, Keep the bal- 
ance true. In other words, Do to one side whatever you do 
to the other. 




67s "When numbers are connected by the signs + °* — . 
part of them are also sometimes joined by parentheses, 
brackets, or bars ; as, 

7_(5-8) = 4; 7-(6-8) = 10; 7 -(8- 5) = 4. 

7^5^78 = 4; 7 _ 5^8 = 10; 7-8-5 = 4. 

The operations on the joined numbers must be performed 
first, and the result treated as a single number, plus or 
mi nuj. 
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The sign outside the parenthesis must also be prefixed ; 
and thus arise four cases of a double sign : + +, H — , — h 
and . 

The + + is equivalent to a single + ; the -\ — and the — |- 

are each equivalent to a single — ; while the means the 

taking away of a minus; it is equivalent to the removal of 
a balloon, and this is the same as adding the weight which 
the balloon was lifting ; that is, is equivalent to +. 

68. The parenthesis, therefore, may be, according to the 
signs, useless or needful ; it may or may not affect the 
result, and must be handled carefully. To illustrate : 

8-3 + 5 = (8-3) + 5 = 10; but 8-(3 + 5) = 0. 
12-(6-3) = 12-3 = 9. 
12 - (3 - 6) = 12 - (- 3) = 15. 

69. Write the second members to the following equa- 
tions : 

8-3-2= (8-3)-2 = 8-(3-2)=* 

8-2-3= (8-2)-3 = 8-(2-3) = 

18- (7 -3)= 18- (3 -7)= 18-3 + 7 = 

70. The following questions will illustrate the meaning 
of minus numbers : 

Starting 90 miles south of Chicago, I go 50 miles due 
north ; and the next day, 80 miles still north. How far 
from Chicago am I now ? 

With only 67 dollars I undertake to pay three bills, of 
$47, of $13, and of $11. Can I pay the bills? How 
much shall I lack? 

71. If we add the same number to a minuend and to a 
subtrahend, we do not alter the remainder. For example, 
27 — 15 = 12 ; and if we add any number whatever, both 
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to 27 and to 15, the difference of the sums will be twelve ; 
thus, adding 7 to 27 and 15, we have 34 — 22 = 12 ; adding 
2 to 27 and 15, we have 29 — 17 = 12, etc. 

To add 10 to any digit in a number is the same as add- 
ing 1 to the next left-hand digit. This will explain the 
last clause in the following rule for subtraction : 

Write the subtrahend under the minuend, point under 
point, and each order under its corresponding order. If 
the number of places in the two be unequal, mentally con- 
sider the missing places filled with naughts. 

Begin at the right, and subtract each figure of the sub- 
trahend from the figure over it, setting the remainder 
below. But, 

If the minuend figure be the smaller, add ten to it men- 
tally ; and, after subtracting, add 1 mentally to the next 
left-hand place in the subtrahend. 

For example, in the margin we have 7— = 7; 11 — 8 = 3; 
6 217 2 — 2 = 0; 0-5 = 1. The addition of 10 to the 
e i o 1 hundredth in the minuend is exactly balanced 

by the subsequent addition of 1 to the 1 tenth in 

1.037 the subtrahend. In precisely the same manner, 
the following subtraction is performed, by saying, mentally, 

71.0018 1 fr° m 10» 3 f rom ®i ^ fr° m H» ^ from 10, 2 
8.14721 fr° m 10f 9 from 11, 1 from 7 ; each time set- 



62.85459 



ting down the remainder * 



72. It is plain, that the remainder added to the subtra- 
hend equals the minuend; and that the remainder subtracted 
from the minuend leaves the subtrahend. 

These are two tests of accuracy, or checks on subtraction. 

* This addition of ten to both minuend and subtrahend is, for practical 
purposes, far superior to the method of transposing values in the minuend, 
and is as readily explained. 
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73. Subtract 123 from each of the numbers : 

234, 343, 424, 555, 676, 725, 839, 999, 1000, 10101, 5120. 

74. Subtract 456 from each of the numbers : 

789, 879, 978, 6378, 6855, 6853, 7797, 7006, 3542, 4334, 
9790, 3455. 

75. What is the difference between 779 and 974 ? 368 
and 249 ? 479 and 2301 ? 2731 and 929 ? 708 and 394 ? 
1123 and 1072? 891 and 773? 5621 and 8103? 19,001 and 
3456 ? 792 and 2180 ? 

76. Subtract: 

$76.47 from $183.45; $628.74 from $716.43; $549.64 
from $647.51; $128.31 from $270.04; $101.50 from 
$125; $129.47 from $247.93; $333.95 from $641.87; 
$29.89 from $56.27. 

77. Subtract from 7854 each of the numbers : 
788, 879, 567, 5006, 6107, 578, 867, 894, 463, 4603. 

78. Subtract: 

2.7182818 from 3.1415927 ; 0.5235988 from 0.7853982 
0.4342945 from 4.8104774 ; 0.3937043 from 2.5399772 
0.3047973 from 0.3937043 ; 0.3047973 from 3.2808693 
1.6093295 from 3.2808693 ; 0.6213768 from 3.785 ; 0.264 
from 15.4323487; 1.4142136 from 1.7320508 ; 0.3819660 
from 2.2360680 ; 0.3010300 from 0.6180340 ; 1.7320508 
from 2.2360680 ; 0.6180340 from 2.2360680 ; 0.3010300 
from 0.3819660. 



79. Subtract 0.7853982 from 3.1415927 ; from 2.3561945 ; 
from 1.5707963. 
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Subtract 0.5235988 from 31415927 ; from 2.6179939 ; 
from 2.0943951 ; from 1.5707963 ; from 1.0471975. 

80. Subtract 0.3819660 from 1 ; 

0.6180340 from 1.4142136. Add 0.3819660 to 0.6180340. 

81. In a school of 83 pupils, 37 are girls ; the rest, boys. 
How many boys are there ? 

82. Take 1787 from 21,205, and what is the remainder? 

83. Into a bowl containing 338 fine shot I poured a hand- 
ful more, and the bowl then contained 720. How many 
did I pour in? 

84. From a box containing 209 oranges I took a basket- 
ful, and left 163 oranges. How many did I take in the 
basket ? 

85. The minuend being 1718.754, and the subtrahend 
1389.328, what is the remainder ? 

86. If the minuend was 6532.18, and the remainder 
1916.47, what was the subtrahend ? 

87. How many must be taken from 729,434 in order to 
leave 613,488 ? 

88. How many must be taken from 1,000,000 to leave 
817,259 ? 

89. Subtract 4187.94 from 8010.101. 

90. Find the difference between 8,765,420 and 9,873,210. 
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EEVIEW II. 

Addition is the process of combining two or more numbers 
so as to form a single number. The result obtained by 
adding two or more numbers is called their sum. 

For eonyenienee, numbers to be added are written so that 
figures expressing the same order shall fall in the same 
column. 

In adding numbers, first add all the units of the lowest 
order ; then all the units of the next higher order, and so 
on, reserving from the sum of the numbers of any order 
the tens of that order, to be added as ones to the next 
higher order. 

Only units of the same kind can be added ; so many 
things of one kind added to so many things of the same 
kind. 

To test the accuracy of the work, add in the inverse order, 
or by double columns. 

The sign (+) is read "plus," and is used to indicate 
addition. The sign (=) is read " is equal to," and is placed 
between expressions which are equal. 

Subtraction is the process of finding the difference be- 
tween two numbers, or of finding the number that must 
be added to one of the two numbers in order that their 
sum shall be equal to the other. 

The subtrahend is the number to be subtracted ; the minu- 
end is the number from which the subtrahend is to be taken ; 
the difference is the number sought. 
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The addition of the same number to both the subtrahend 
and minuend does not affect the difference. Hence, we may 
add ten to any order of the minuend if we add one to the 
next higher order of the subtrahend. 

For convenience, the figures of the subtrahend are written 
under those of the minuend so that those of the same order 
shall fall in the same column. If a decimal extend to the 
right more places in one than in the other, the missing 
places are supplied mentally with zeros. 

First subtract the number of the lowest order in the sub- 
trahend from that of the same order in the minuend. If 
the number in any order in the subtrahend be greater than 
the number in the corresponding order in the minuend, add 
ten to that number in the minuend before subtracting, and 
then add one to the number of the next higher order in the 
subtrahend. 

The sign (— ) is read " minus," and is used to indicate 
subtraction. 

Only units of the same kind can be subtracted ; so many 
units of one kind subtracted from so many units of the same 
kind. 

To test the accuracy of the work, add the subtrahend and 
difference together ; and if the work be correct, their sum 
will be equal to the minuend. 

Whenever a question arises in which the minuend is 
smaller than the subtrahend, we may subtract the minu- 
end from the subtrahend, and prefix the minus sign to the 
result. Such a result is called a minus number. 



CHAPTER V. 

APPLICATIONS OF ADDITION AND SUBTRACTION. 

91. In a till are $391 in bills, $67.50 in gold, $39.75 in 
silver, and $2.77 in copper and nickel. How much money 
is in the till ? 

92. Starting out with $315.75 in one wallet and $54.37 
in another, I pay the grocer $127.38 ; the butcher, $G4.17 ; 
the shoemaker, $21.40; the landlord, $50; the tailor, $35. 
What ought I to have left ? 

93. On a bill of $ 753.43, 1 pay $ 517.87. How much do 
I still owe ? If I owe $817.87, and have but $637.50, how 
much do I lack of being able to pay ? 

94. If a man was born January 1, 1812, how old was he 
January 1, 1878? How old December 31, 1857? 

95. America was discovered in 1492. How many years 
after its discovery was each of the following events ? 

Settlement of Florida, 1565 ; of Virginia, 1607 ; of Mas- 
sachusetts, 1620; of Quebec, 1608; French and Indian 
War, 1756; Declaration of Independence, 1776; inaugura- 
tion of Washington, 1789 ; war with England, 1812 ; Mexi- 
can War, 1846 ; Civil War, 1861. 

96. How many days in common years, and in leap-years, 
between January 1 and March 1 ? January 4 and April 4 ? 
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February 5 and May 5? February 7 and October 7? 
January 4 and July 4? March 4 and July 4? 

97. The sum of two numbers is 3 ; their difference, 1. 
What are the numbers? The sum of two numbers is 5; 
their difference, 1. Kequired the numbers. What two 
numbers added together make 8, if the difference of the 
numbers is 2 ? If the difference is ? if 4 ? if 6 ? 

98. If the minuend is 9874, and remainder 3185, what 
is the subtrahend? The subtrahend being 7659, and re- 
mainder 675.68, what is the minuend? 

99. The smaller of two numbers is 7.95764328 ; their 
difference is .00087692. What is the larger number ? 

100. The larger of two numbers is 7.95764328, and their 
difference is 7.153485. What is the smaller number ? 

101. A hired man pumps out of my cistern in one hour 
243.75 gallons; in the next hour, 227.5 gallons; in 45 
minutes more, an additional 137.75 gallons; and the cis- 
tern is empty. How much was in it? 

102. From what number must I subtract 5 to leave 7? 
8 to leave 9? From what number must I subtract 5.1736 
to leave 8.1964? 6.231 to leave 9.6648? 74.213 to leave 

25.787? 

103. What must be subtracted from 1 to leave .5 ? to leave 
.53? to leave .532? to leave .5236? to leave .5235988? 

104. I start on a journey of 3433 miles. The first day 
I make 428 miles; the second day, 511 miles; the third, 
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497 miles ; the fourth, 513. How many miles of my jour- 
ney remained for me at the close of each day ? How many 
miles had I gone at the close of each day ? 

105. Subtract 76,343 from the sum of 61,932, 51,387, 
5193, 4674, and 8199 ; then subtract 23,657 from the re- 
mainder. 

106. J. bought a farm and stock for $7633.90 ; sold off 
the stock for $ 305.75 ; then sold the farm for $ 7325. What 
did he lose ? 

107. If I gave $4375 for my land, and paid for house, 
barn, sheds, and fences, $2789.50; also $973.75 for horses, 
cattle, tools, etc. ; what did my farm and stock cost ? 

If I sold part of the land for $675, and some cattle, etc., 
for $217.50, what may I estimate as the cost of what I have 
left ? 

108. Alfred the Great died at the age of 52, a.d. 901. 
In what year was he born ? William the Conqueror began 
to reign a.d. 1066, and reigned 21 years. In what year did 
he die ? Socrates was born B.C. 469, and died at the age of 
70. In what year did he die ? Plato was born B.C. 429, 
and died at the age of 82. In what year did he die ? De- 
mosthenes died at the age of 60, B.C. 322. In what year 
was he born ? The battle of Marathon was fought B.C. 490 ; 
560 years later Jerusalem was destroyed by Titus. In what 
year was Jerusalem destroyed ? 

109i John has 158 cents, James has 271 cents; James 
gives John 56 cents. Which has more than the other, and 
how many more ? 



CHAPTER VI. 

MULTIPLICATION. 

110. A St. Andrew's cross (x) between two numbers 
means that one of the numbers is to be repeated as many 
times as is indicated by the other number. The number 
to be repeated is called the multiplicand j the number which 
shows how many times the multiplicand is to be repeated 
is called the multiplier j and the result is called the product 

The sign (x) is read times, or multiplied by, according as 
the multiplier precedes or follows the multiplicand. Thus, 
5x4 cents = 20 cents is read, five times four cents equals 
twenty cents ; but, 4 cents X 5 = 20 cents is read : four cents 
multiplied by five equals twenty cents. 

111. The multiplier and multiplicand are often called 

• ••• foctora of the product. The product of two or 

• • • • more factors is the same in whatever order they 

• • • • are taken. Thus, 3 X 4 =■- 4 X 3. The dots in the 
margin, read horizontally, make 3 fours; read vertically, 
make 4 threes. 

112. The sign X cannot extend its power, forward or 
backward, beyond a + or — , without the aid of a paren- 
thesis. To illustrate : 

2 + 3x4-1 = 13; 2 + 3 X (4-1) = 11; 

(2 + 3)x4-l = 19; (2 + 3) X (4-1) = 15. 

113. The products, in all cases in which neither factor 
exceeds ten, should be thoroughly committed to memory. 
They will be found in the following table : 
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Multiplication Table. 



1 


2 


3 


4 1 5 


G 


f 
i 


8 


9 


10 


Hi 12 


2 


4 


G 


8 i 10 


12 


14 


16 


18 


20 


22 | 24 


3 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 


4 


8 


12 


1G 


20 


24 


28 


32 


36 


40 


44 I 48 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 1 60 


6 


12 


18 


24 


30 


3G 


42 


48 


54 


60 


66 


72 


7 


14 


21 


28 


35 


42 


49 


56 


63 


70 


77 


84 


8 


1G 


24 


32 


40 


48 


56 


64 


72 


80 


88 


96 


9 


18 


27 


36 


45 


54 


63 


72 


81 


90 


99 


108 



114. In the above table, take the multiplier in the upper 
line, the multiplicand in the left-hand column ; the prod- 
ucts will be found directly under the multiplier, and 
opposite the multiplicand ; as, 12 X 7 is 84.* 



115. To multiply any multiplicand by a multiplier less 
than 13, the work may be written as in the 
margin. Beginning at the right, 4 X 8 is 32 ; 
the 2 is written, and the 3 carried mentally 
and added to 4 X 6, making 27 ; and the pro- 
cess is thus continued to the left. 

12x8 = 96; 12 X 6 = 72, and 9 makes 81 ; 
12 X 6 = 72 ; 12 X 3 = 36, and 7 makes 43 ; 
12x2 = 24, and 4 makes 28; 12x2 = 24, 
and 2 makes 26. 

* The table should be learned, not by lines but by squares ; that is, first 
learn 2 X 2. 2 X 3 and 3 X 2. 3 X 3 ; next learn 2 X 4. 3 X 4, 4 X 2, 4 X 3, 
4X4; thirdly, 2X5, 3X5, 4X5, 5X2, 5X3, 5X4, 5X5; fourthly, 
all products under 36, etc. 

The cards referred to in the footnote to J 43 may be advantageously 
used for practice in multiplying two digits. Shuffle them, and pass them 
in couples from one hand to the other, naming the two factors, while the 
pupil names the products. 



2.236068 
4 

8.944272 



2.236068 
12 

26.832816 
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116. Multiply 111 by 5; 123 by 3; 231 by 2; 114 by 
3 ; 421 by 4 ; 512 by 5 ; 4328 by 4 ; 1187 by 6 ; 1782 by 
8 ; 8.287 by 7 ; 9.6198 by 3 ; 62.818 by 7 ; 9.2758 by 8 ; 
52.134 by 9. 

117. Multiply .5235988 by 6 ; .7853982 by 4 ; 3.14159265 
by 5, and the product by 5. 

118. Multiply 3.1416 by 11; by 12; by 10 and by 3, 
and add the two results ; by 10 and by 4, and add the 
results; by 9 and by 6, and add the results. Multiply 
2.236068 by 11; by 6 and by 7, and add the results; by 
8 and by 9, and add the results ; by 10 and by 7, and add 
the results (compare the sum of these two products with the 
sum of the last two products) ; by 10 and by 8, and add 
the results ; by 12 and by 7, and add the results. 

119. To multiply by 10, 100, 1000, etc., it is enough to 
move the decimal point of the multiplicand * as many places 
to the right as there are naughts after the one ; annexing 
naughts to the multiplicand, if necessary. 

Thus, 10 X 15.4323 = 154.323 ; 10,000 X 15.43 = 154,300. 

120. How much is 10 times 3.14159265? 100 times? a 
million times? What will 10 barrels of apples cost, at 
$3.75 a barrel? at $2.17? at $5,875? How much will 
100 barrels cost at each of these prices, and at $ 3.375 ? at 
$5,125? 

121. It is plain, that to multiply by .1, .01, .001, etc., it 
is necessary only to move the point of the multiplicand as 
many places to the left as there are decimal places in the 

* When the multiplicand is a whole number, the decimal point is not 
written, but understood, after the units' figure. 
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multiplier, prefixing naughts to the multiplicand, if neces- 
sary. 

Thus, .1 X 15.43 = 1.543 ; .001 X 15.43 = .01543. 

122. What is a tenth of 2.36 ? a hundredth of 2.36 ? a 
thousandth of .63 ? Write the second members of the 
following equations, and then read them : 

.01x7.8 = .001x4.31= .0001x23.31 = 

.1 X .065 = .01 X .012 = 

123. It is evident that 30 times is 3 times as much as 10 
times, or 10 times as much as 3 times. Hence (§§ 115, 119), 

Find the cost of 30 barrels of flour, at $3.27 a barrel ; 
of 70 barrels, at $4.58; of 90 barrels, at $6.76; of 100 bar- 
rels, at $7.84 ; of 120 barrels, at $8.57. 

124. It is evident that .03 = 3 X .01. Hence (§ 121), 
Find the cost of .03 of a barrel of oil, at $27,875 a bar- 
rel; of .7; of .009; of .17*; of .019; of .13; of .8; of .83; 
of .014 of a barrel. 

It is plain from the above examples that, 
The decimal places in the product are as many as the sum 
of the decimal places in the multiplicand and the multiplier. 

125. What is the numerical value of the expressions : 

30 x 8.75 ? 700 x 7.81 ? 300 x 7.85 ? 

.07 x 6.975 ? 8000 X 65.432 ? .0009 x 10356.78 ? 

126. Ex.1. Multiply 6957 by 463. 463 = 400 + 60 + 3. 

If we wished to find the result by addition, it would be 
necessary to write 463 numbers, each equal to 6957, under 
each other, and find the sum of all these numbers. (The 

* Multiply first by .1, then by .07, and add the results. 
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necessity of abridging such an operation has given rise to 
multiplication.) 

Or, we might make three additions, the first of 3 num- 
bers, each equal to G957 ; the second of 60 numbers, each 
equal to G957; the third of 400 numbers, each* equal to 
6957 ; and then add together the three sums. In other 
words, we might multiply 6957, first by 3, then by GO, and 
then by 400, and find the sum of the three products obtained. 

ThuS ' Multiplicand, 6957 

Multiplier, 463 

3 times the multiplicand = 20871 ' 
60 times the multiplicand = 417420 > Partial Products. 
400 times the multiplicand = 2782800 „ 

463 times the multiplicand = 3221091 

It is evident that the zeros at the right of the second 
and third partial products do not affect the result of the 
addition ; we may, then, omit them, if we observe to what 
place in respect to the next preceding product the right- 
hand figure of each succeeding product belongs. 

Therefore, multiply by each digit of the multiplier, place 
the light-hand figure of each product under the multiplier 
used, and add the partial products, 

127. Ex. 2. Multiply Ex. 3. Multiply 

1231 by 2007. 964.73 by 123.8. 

Solution of Ex. 2. Solution of Ex. 3. 

1231 964.73 

2007 123.8 



8617 771 784 

2462 2894 19 



2470617 19294 6 

96473 



119433.574 
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In multiplication, the factors are written as if for addi- 
tion. In Ex. 2, observe that the digit 2 of the multiplier 
is in the place of thousands, and that the first figure of the 
corresponding product falls under the preceding partial 
product in the place of thousands. 

In Ex. 3, observe that the first figure of each partial 
product falls as many places to the right of the multiplying 
digit as there are fractional places in the multiplicand. 

128. A test of the accuracy of the pointing is furnished, 
by observing that (by § 124), 

The fractional places in the product are as many as the 
sum of the fractional places in the factors. 

Care must be taken lest the omission of superfluous 
naughts confuse us. Thus, 6000 X .5236 = 3141.6, which 
appears like a violation of the rule until we notice that 
three 0's are omitted in the product. 

Another test is furnished by making a rough estimate 
of what the product should be. Thus, in the last example, 
we have 6000 times a number a little greater than .5 ; the 
product, therefore, should be something over 3000. 

129. Multiply .785398 by each of the following numbers : 
2; 20; 3; 300; 5; .5; .005; 737; 7.37; 856; 85.6; .0856; 
10; 1001; 1.001; 954; .00954. 

130. Multiply 2150.42 by .1 ; by .001 ; by .75 ; by .075 ; 
by .083. 

131. Multiply 1.4142136 by .7; by .707; by .7071; by 
.707107. Multiply 1.41421 by 1.4 ; by 1.4142 ; by 1.41422. 
Multiply 1.732 by 1.732; 2.23607 by 2.236; .618 by 618; 
.618034 by .618035. Subtract this last product from 1. 
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132. When the multiplier is the product of factors, it is 
occasionally a saving of labor to multiply by the factors 
successively ; as, for example, to multiply by 289, we may 
multiply by 17 and then multiply the product by 17 ; or, 
to multiply by 8.4, we may multiply by .7 and by 12. 

133. Find the value of the expressions : 

88 X 718.54 ; 96 x 6.8193 ; 6.3 X 71.569 ; 1.32 X 234.769. 

134. Multiply 291.47 by 16, and the product by 625. 
In like manner, find the continued products : 

8 X 125 X 278.56 ; 8 X 3.75 X 3.33333 ; 8 X 625 x 1.5708. 

135. One mile measures 5280 feet. How many feet in 
3 tenths of a mile? in .7? in .17? in .573? in .846 of a 
mile? 

136. When a number is subtracted from 1 standing in 
the place next to the left of the highest figure in the number, 
the remainder may be called a complement of the number ; 
but if the 1 is put in the unit's place, the remainder is called 
the arithmetical complement. 

For example, the arithmetical complement of .097 is .903 ; 
but .003 may also be called a complement of .097. 

137. When a complement of a multiplier is a simpler 
factor than the multiplier, we may multiply by that comple- 
ment, and subtract the product from the product obtained 
by multiplying by 1 in the proper order of units. 

For example, .097 of a multiplicand is found by subtract- 
ing .003 of the multiplicand from .1 of the multiplicand ; 
and to multiply by 9.98, we need but to subtract .02 of the 
multiplicand from 10 times the multiplicand. 
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138. Multiply (using complements) .7854 by 9.9 ; by .99 ; 
by .099. Multiply .5236 by 99.7 ; by 9.989 ; by 9.87. Mul- 
tiply 8537 by .0097 ; by .9995. 

139. Multiply .61803 by 147 ; by 373 ; by 7.56 ; by 8.93 ; 
by 9.93. Multiply .5236 by 5.99 ; by 7.99 ; by 8.997 ; by 
699.98. 

4 

140. Multiply .7854 by .618; by .382; by .7854; by 
.302. Multiply 2.718 by .618 ; by .382 ; by .7854 ; by .607. 

141. Find the continued products : 

.477 X 101 X .708 ; 15.43 X .4343 x 3 ; 4 x .175 X 3.28 ; 
.615 X .771 X 10 ; 3.2809 X 5 X .71 ; .785 X .7 X .202 ; 
.471 X .807 X 22 ; 3.28 X 25 X .909. 

CONTRACTED MULTIPLICATION OF DECIMALS * 

142. In ordinary calculations we seldom use a fraction 
smaller than .00001 of the unit. 



Ex. 


1. .123456789 




1.23456789 


1111111101 


987654312 


864197523 




740740734 


6 


27283945 


49 


3827156 


370 


370367 


2469 


13578 


12345 6789 


.15241 


675750190521 



The 6 at the left of the vertical line 
is obtained by multiplying the 1 in 
the multiplicand, by 5 in the multi- 
plier, and carrying 1 from 5X2. The 
9 below the 6 is obtained by multi- 
plying 2 by 4, and carrying 1 from 
4X3. The below the 9 is obtained 
by multiplying the 3 by 3, and carry- 
ing 1 from 3X4. The 9 below the 
is obtained by multiplying 4 by 2, and 
carrying 1 from 2X5. The 5 below 
the 9 is obtained by multiplying 5 
by 1. 



* Contracted Multiplication and Division of Decimals mar be taken or 
omitted, at the option of the teacher. 
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It is evident that, if five decimal places only are required, 
all the work to the right of the vertical line is wasted. 

To shorten the work, write the multiplier under the 
multiplicand, so that each digit of the multiplier shall fall 
directly under the digit of the multiplicand into which it 
is multiplied to produce the first figure to the left of the 
vertical line in each partial product. Thus : 

0.123456789 

987654321 Notice that the figures of the multiplier 

are reversed ; that the units' figure of the 

1Zo4o multiplier falls under the last decimal of the 

2469 multiplicand which is to be retained, and that 

370 the decimals in the result are correct. In 

49 order, however, to have the required number 

g of decimal places correct, it will generally be 

, necessary to take one more than the required 

number of decimal places. » 

.15241 

143. Hence, in contracted multiplication of decimals : 

Reverse the multiplier, and put the units' figure under 
the last place of decimals to be retained. 

Multiply each figure of the multiplier into the figure next 
to the right above it. Do not write this result, but carry 
the nearest ten to the next result, multiplying as usual. 

Write the first figures of the partial products in a vertical 
column. 

Add the products, and point off from the sum as many 
decimal places as were taken in the multiplicand. 

If the multiplier has no units' figure, supply its place 
with zero. To insure accuracy, take one decimal place 
more than the required number. To detect errors that 
may arise from displacement of the decimal point, or from 
an erroneous arrangement of the factors, test the result by 
a rough estimate of what the product should be. 
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Ex. 2. Multiply 4.65440758 Ex. 3. Multiply 1.7320508 
by 1609.3295 correct to by 0.0618034 to 5 places. 
3 places. 



Take 4 places. 


Take 6 places. 


4.65440758 


1.7320508 


59239061 


43081600 


46544076 


103923 


27926445 


1732 


418896 


1386 


13963 


5 


931 
419 


.107040 Am. 


~23 




7490.475^ Ana. 





144. Find the product, to the fifth fractional place, ot 
3.14159265 by 2.236. Find 1414.2136 x 14142.136, to the 
Becond place; .618034 by .618034, to the sixth place; 
2.236068 by 2236.068, to the third place; 1.73205 by 
1732.0508, to the second place. 

145. Whenever absolute accuracy of a long decimal is 
not required, in curtailing the decimal 1 must be added to 
the figure in the lowest place retained, if the figure in the 
next place is 5, or greater. 

Thus, 2.2360679775 must be represented by 2.236067978, 
2.23606798, 2.2360680, 2.236068, 2.23607, 2.2361, 2.236, 
2.24, or 2.2, according to the degree of accuracy required. 

Give the nearest values to 1.732050808 for each place of 
decimals from the first to the eighth. 

146. When the multiplier contains many more places of 
significant* digits than the multiplicand, we may reverse 

* The digits 1, 2, 3, 4, 5, 6, 7, 8. 9, are called significant digits. 
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the factors and use the multiplicand as multiplier, provided 
we carefully notice what we are doing, and interpret the 
result correctly. 

1578 sheep, at $ 3 a head, are worth $4734 ; and, although 
in numbers we may obtain the result more easily by saying 
3 x 1578 = 4734, yet we must remember that the $4734 is 
really 1578 X $3. 

147. What will a man earn in a year if he has $2 a day, 
omitting Sundays ? Suppose that the year begins on Sun- 
day ? Suppose the year to be leap-year, and not begin on 
Sunday ? Suppose it leap-year, and to begin on Saturday ? 

2. If a field of corn averages 2 ears to a stalk, how many 
ears on 673 stalks ? 

3. At 27 bushels an acre, how much wheat to the square 
mile of 640 acres, deducting 47 acres for roads and waste 
land? 

4. How much money would be required to give $7000 
to each of 7568 men ? 

5. In a certain book of 378 pages, the words average 7 
letters to a word, and 10 words to a line. There are, on 
an average, 29 lines to a page. How many letters in the 
book? 

6. How many bushels of wheat in a township of 37 square 
miles, if we deduct 47 acres to the square mile for roads 
and waste, and suppose that half the remainder is in wheat 
averaging 23 bushels to an acre ? 

7. If 5700 persons, each paying 1 cent toll, and 324 
carriages, each paying 5 cents toll, pass over a bridge in 
a day, how much money will be received ? 

8. A merchant bought 960 pounds of cheese at 7 cents 
a pound, and 147 pounds of butter at 20 cents. He gave 
in payment 12.5 yards of cloth at 1 dollar a yard, 2 bar- 
rels of sugar, each weighing 226 pounds, at 9 cents a pound, 
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and the remainder in cash. How much money had he to 
pay? 

In each question of this article, distinguish between the 
real multiplicand and number used as multiplicand. 

148. If a product consist of equal factors, it is called a 
power of that factor, and one of the equal factors is called 
a root of the product. 

The power is named according to the number of equal 
factors taken. Thus, 

5x5= 25 ; 25 is the second power, or square, of 5. 
5x5x5 = 125 ; 125 is the third power, or cube, of 5. 
5 X 5 X 5 X 5 = 625 ; 625 is the fourth power of 5. 

Likewise, 

5 is called the second root, or square root, of 25. 
5 is called the third root, or cube root, of 125. 
5 is called the fourth root of 625. 

To avoid the necessity of writing long rows of equal fac- 
tors, a small figure, called the exponent, is written at the 
right of a number to show how many times the number is 
taken as a factor. Thus, 

5 8 means the same as 5 x 5 X 5 X 5 X 5, and is read the 
fifth power of 5. 

3 8 times 3 4 means 3x3x3 times 3x3x3x3 = 3x3 
X3x3x3x3x3 = 3 7 . 

From this last example, it is evident that the product of 
two or more powers of the same number is expressed by writ- 
ing the number with an exponent equal to the sum of the 
exponents of the given powers. 

Express the product of, 

1. 7 8 x7 8 ; 8 2 X8; 2 s X 2 ; 5 4 X 5*. 

2. 3.01* X 3.01 ; 0.67 2 x 0.67 8 ; .208 X .208 8 . 

3. 2.003 s X 2.003 4 : 20.03 3 x 20.03 ; 20.03 X 20.03 s . 
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REVIEW III. 

Multiplication, strictly speaking, is the operation of find- 
ing the sum of two or more equal numbers. 

With reference to this operation, this sum is called the 
product ; one of the equal numbers is called the multipli- 
cand ; and the number which shows how many times the 
multiplicand is taken is called the multiplier. 

In multiplication we must always have two different 
kinds of units : So many things taken or repeated so many 
times. 

It is sometimes required to take or repeat the whole 
of the multiplicand, sometimes a certain part of it, some- 
times the whole and a certain part of it; and the mean- 
ing of multiplication is extended to cover all of these 
cases. 

To multiply by a whole number is to take the mul- 
tiplicand as many times as is indicated by the whole 
number. 

To multiply by a fraction is to take such a part of the 
multiplicand as is indicated by the fraction. 

To multiply by a whole number and a fraotion is to take 
the multiplicand as many times as is indicated by the whole 
number, and such a part of the multiplicand as is indicated 
by the fraction. 

The product, therefore, will be equal to, greater than, or 
less than the multiplicand, according as the multiplier is 
equal to, greater than, or less than one. 

The multiplicand and the multiplier are often called 
factors of the product. 

When a product consists of more than two factors, it is 
called the continued product of the factors. 

When a product consists of two or more equal factors, it 
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is called a power of that factor ; and one of the equal factors 
is called a root of the product. 

The index or exponent of a power is a small figure placed 
at the right of a number to show how many times the num- 
ber is taken as a factor, and is read the first power, second 
power, third power, etc., of the number. 

The second power of a number is generally called the 
square of the number, and the third power is called the cube 
of the number. 

The product of two or more powers of the same number 
may be expressed by writing the number with an exponent 
equal to the sum of the exponents of the given powers. 

The nnmerioal result of multiplying one number by an- 
other is the same whichever is taken as the multiplicand, 
the other being taken as the multiplier ; but the product 
will always denote the same kind of units as the true multi- 
plicand. 

. A St. Andrew's cross (x) placed between two numbers 
means that one of the numbers is to be multiplied by the 
other, and it is read " times," or " multiplied by." 

To multiply by 10, 100, 1000, etc., it is necessary only to 
move the decimal point in the multiplicand as many places 
to the right, annexing ciphers, if necessary, as there are 
ciphers in the multiplier. 

To multiply by .1, .01, .001, it is necessary only to move 
the decimal point in the multiplicand as many places to the 
left, prefixing ciphers, if necessary, as there are places in the 
multiplier. 

The decimal places of a product are equal in number to 
the decimal places in the multiplicand and multiplier 
counted together. 

To multiply by the product of two or more factors gives 
the same result as to multiply by one of the given factors, 
this product by another of the factors, and so on. 
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If we have to multiply one number by another, we may 
separate the multiplicand into parts, multiply each part by 
the multiplier, and add the results to form the complete 
product. Or, we may separate the multiplier into parts, find 
the product of the multiplicand by each part, and add these 
partial products to form the complete product. 

When the multiplier is a single digit, the product is ob- 
tained by multiplying each order of the multiplicand, be- 
ginning with the lowest order, care being taken to write 
down the ones of each partial product, and to reserve the 
tens to be added as ones to the product of the next higher 
order. 

When the multiplier oonsists of two or more digits, mul- 
tiply by each digit separately, arrange the partial products 
so that figures of the same order shall fall in the same col- 
umn, and add. 

To test the accuracy of the work, interchange multipli- 
cand for multiplier. Or, separate the multiplier into parts, 
multiply the multiplicand by each part separately, and add 
the results. If the work be correct, their sum will be equal 
to the original product. 

In contracted multiplication of decimals : 

Reverse the multiplier, and place the units' figure under 
the last place of decimals in the multiplicand to be retained. 

Multiply by each figure of the multiplier the figure next 
to the right above it. Do not write the result, but carry 
the nearest ten to the next product and write this result, 
multiplying as usual. 

Write the first figures of the products in a vertical 
column. 

Add the several products, and point off from the sum 
as many places for decimals as were retained in the multi- 
plicand. 



CHAPTER VII. 

DIVISION. 

149. Division is the operation by which, when a product 
and one of its factors are given, the other factor is found. 

With reference to this operation, the product is called 
the dividend ; the given factor is called the divisor j and the 
required factor is called the quotient. 

150. When the given factor is the multiplicand, the 
factor sought is the multiplier. 

In this case, the question is : What must we multiply the 
divisor by to get the dividend f 

To answer this question, it is necessary to find how many 
times the divisor is contained in the dividend, and the an- 
swer will be so many times. 

Thus, in the question, How many times are 6 cents con- 
tained in 30 cents ? the factor sought is the multiplier, 5 ; 
5 times 6 cents are 30 cents. 

When the given factor is the multiplier, the factor sought 
is the multiplicand. 

In this case, the question is : What must we multiply by 
the divisor to get the dividend f 

To answer this question, it is necessary to divide the divi- 
dend into as many equal parts as is indicated by the number 
in the divisor, and the answer will be so much to each part. 

Thus, in the question, How much will each boy receive 
if 30 cents be divided among 6 boys ? the factor sought is 
the multiplicand, 5 cents ; 6 times 5 cents are 30 cents. 
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158. Since the quotient is not altered if the dividend 
and divisor are both multiplied, or both divided, by the 
same number, it follows that, 

If the divisor contains decimal places, we may remove 
the decimal point from the divisor, provided we carry the 
decimal point in the dividend as many places to the right as 
there are decimal places in the divisor. 

If the divisor is a whole number and ends in zeros, the 
zeros may be cut off, provided the decimal point in the divi- 
dend is carried to the left as many places as there are zeros 
in the divisor. 

Divide 78.52 by .008, by .8, and by 8000, first making 
the required changes of the decimal point. 

8)78520 8 )785.2 8 ).07852 

9815 98.15 .009815 

157. From the last three examples it is seen that, 
If the first figure of the quotient is placed under the right- 
hand figure of the first partial dividend, the decimal point 
in the quotient will be written directly under the decimal 
point in the dividend. 



158. Divide* 

1. .003 by .07 ; 

2. .07 by .003; 

3. 1.7 by .07 ; 

4. 1.7 by 110; 

5. 110 by 1.2; 

6. 136 by .06 ; 

7. 256 by .8 ; 

a 256 by 8000; 



.003 by 110 ; 

, 110 by .07 ; 

.07 by 110 ; 

.07 by 1.2 

1.7 by 1.2 

136 by .12 

2.56 by .08 

1.06 by .9 ; 



110 by .003. 

1.3 by .07. 

1.3 by 110. 
.003 by 1.2. 

17 by 1.2. 
136 by 1100. 
.0256 by .008. 
1.06 by 9000. 



* If the divisor is not contained in the dividend without a remainder, 
carry the quotient to the fifth decimal place. 
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LONG DIVISION. 

159, The process of Long Division is precisely like that 
of Short Division, except that the work is written in full, 
and the quotient is written over the dividend. 

Divide 3.1415927 by 1.73. 

Suppress the decimal point in the divisor, and move the 
point two places to the right in the dividend. 

1.81595 
173)314.15927 173 ^ conta i ne d in 314 once. The one 

173 is written over the 4, and, by § 156, the 

1411 point is placed over the decimal point in 

1384 * ne dividend. The process, which has been 

075 g one through with, mentally, in short divi- 

sion, is written out below the dividend. 173 
is subtracted from 314 ; to the remainder, the 
1 in the dividend is annexed ; then 8 X 173 



173 



1029 

865 ig subtracted ; then to the remainder, 5 in 

1642 the dividend is annexed, and so on. The 

1557 n ft n pl ace i& the quotient is 4, but written 

oe»T 5, because the remainder, 165, is more than 



692 
165 



half 173. 



Divide 23.13685 by 7.843. 

Suppress the decimal point in the divisor, and move the 
point three places to the right in the dividend. 

2 95 
v ' — Determine each figure of the quotient 

7843J23136.85 carefully before writing it. The first fig- 

15686 ure of the quotient is 2; for, though 7 is 

74508 contained 3 times in 23, 78 is contained only 

70587 ^ times in 231. The second figure is obvi- 

39215 ously 9 ; the third figure is 5, for 7 is con- 

OQ91 r tained 5 times in 39. 
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Note. As a test of the accuracy of each quotient figure, ob- 
serve that if the product of the divisor by the quotient figure ik 
greater than the partial dividend, the quotient figure is too large ; 
and if the difference between the partial dividend and the product 
of the divisor by the quotient figure is greater than the divisor, the 
quotient figure is too small. 

From these examples the following rule is deduced : 

Change the decimal point so as to make the divisor a 
whole number, and find, by trial, the first quotient figure. 

Subtract from the partial dividend the product of the 
divisor by this quotient figure. 

Consider the remainder with the next figure of the divi- 
dend annexed as a new partial dividend, and proceed as 
before. 

160. Divide, 

1. 1.6093295 by .479; by .917; by .017; by .0087. 

2. 3. by 1.7; by 1.73; by 1.732; by 1.7321. 

3. 1.6093295 by 5280, and the quotient by 12. 

4. 2 by 1.4142 ; 5 by 2.236. 

161. Two numbers are reciprocals of each other when their 
product is equal to 1. Thus, .5 is the reciprocal of 2 ; 4 
is the reciprocal of .25 ; 3 is the reciprocal of .33333 ; 
.75 is the reciprocal of 1.33333 ; .8 is the reciprocal of 
1.25, etc. 

162. When the dividend is 1, the quotient is the recip- 
rocal of the divisor. And if the dividend is any other num- 
ber, as 5, 7, etc., the quotient will be 5, 7, etc., times the 
reciprocal of the divisor ; or, in other words, the reciprocal 
times 5, 7, etc. ; that is, 

To divide a number by a divisor gives the same numerical 
result as to multiply it by the reciprocal of the divisor. 
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163. It is equally plain, that to multiply by a factor gives 
the same result as to divide by the reciprocal of the factor. 

164. The processes of multiplication and division are 
frequently made much simpler by using reciprocals of the 
multiplier or of the divisor. 

It is easier to use 8, .8, .08, etc., than to use .125, 1.25, 
12.5, etc. If required to divide 2.71828 by 37.5, we may (if 
we notice that 37.5 is 3 X 12.5) divide 2.71828 by 3, and 
multiply the quotient by .08. 

165. Perform the work in the following questions by the 
use of reciprocals : 

1. 8 x .25 = 10. 1764 X .025 = 

2. 171 -.25= -11. 5381 +-.025 = 

3. 876x1.25= 12. 7452 -.875 = 

4. 132 x 2.5 = 13. 651 x .33333 = 

5. 591 -T- 2.5= -14. 456x6.66667 = 

6. 756 --.125= . 15. 1554x16667 = 
•7. 268x25= 16. 432 -v- 1.33333 = 

8. 753 -r- 25= 17. 375-16.667 = 

9. 567 -r- 625= 18. 225 — 6.6667 = 

16a If 8375 mills be divided by 10 (the number of mills 
in a cent), the quotient, 837.5, is the number of cents in 
8375 mills. Divide the same number by 1000, and the 
quotient, 8.375, is the number of dollars. 

In like manner, if we divide 173 inches by 12 (there 
being 12 inches in a foot), the quotient, 14.417, is the 
number of feet in 173 inches. 

And in general, to express a given number in terms of a 
second number as unity, we have only to divide by the second 
number: 
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167. Taking 7 as unity, what would be the value of 14 ? 
of 28 ? of 35 ? of 3.5 ? of 2.8105 ? of 6.31415 ? 

2. If the side of a square is 10 inches, and its diagonal 
14.14214, express the side in terms of the diagonal as unity. 

3. If the diagonal of a square is one foot, what decimal 
of a foot must its side be ? 

4. If the diameter of a circle is 11.3 inches, and its cir- 
cumference 35.5 inches, what is the circumference in terms 
of the diameter? What is the diameter in terms of the 
circumference ? 

5. What decimal fraction of 87 is 47 ? 53 ? 43.5 ? 29 ? 

6. How many times 393 is 587 ? 7857 ? 131 ? 196.5 ? 

7. How many 684's are there in 1368? in 1760? in 
342 ? in 77 ? in 6.84 ? in .0785 ? 

All the examples in § 167 are illustrations of § 166. 

CONTRACTED DIVISION OF DECIMALS. 

168. Bringing down a digit to the right of a partial 
dividend multiplies the partial dividend by 10 and adds 
to it the number expressed by the digit. 

Cutting off a digit from the right of the divisor subtracts 
from the divisor the number expressed by the digit and 
divides the divisor by 10. The quotient, therefore, will be 
the same whichever we do ; and this principle can be ap- 
plied to shorten the labor of division, as may be illustrated 
in finding the quotient of 

15.4323487 -r- 1.4142136, to four decimal places. 

It is necessary to determine, first, the number of signifi- 
cant figures required in the quotient. 

Since 1.4 is contained in 15 ten times, it is evident that 
the quotient will have two integral places. The two inte- 
gral figures and the four decimal figures make six, which 
will be the number of figures required in the quotient. 
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In general, to determine the number of significant figures 
required in the quotient, move the decimal point of the 
divisor to the right of the first significant figure, and move 
the decimal point of the dividend as many places, and in 
the same direction, as the decimal point of the divisor has 
been moved. The number of integral places in the quotient 
can then easily be determined. 

It is advisible not to cut off figures from the right of the 
divisor until the number of figures still required in the quo- 
tient is two less than the number of digits in the divisor. 
In multiplying the divisor by each quotient figure, multi- 
ply the figure of the divisor cut off, and carry the nearest ten. 

The work may be arranged as follows : 

We first cut off the 6. The first 
10.9123 product is increased by 1 for the 

14J#Z$50)l54323487. 1X6 omitted ' The first remainder 

1414214 * s i ncrease< l by 1 for the 8 in the 

1 9QH91 dividend. Cut off the 3. As the 

divisor is not contained in the par- 
127279 tial dividend, we also cut off the 1. 

1742 The product by 9 is increased by 1 

1414 for the 9 X 1 omitted. Cut off the 

328 2. As 1 X 2 is less than 5, the 

oqo product by 1 is not increased. • Cut 

— off the 4. The product by 2 is in- 

creased by 1 for 2 X 4 omitted. Cut 
42 off the 1. The product by 3 is not 

increased, for 3 X 1 is less than 5. 
In like manner divide, 

1. 11.4285285 by 3.1415927 to six decimal places. 

2. .004239239 by 3.2783278 to five decimal places. 

3. 437 by 215.253 to three decimal places. 

4. .0053 by 72.654 to eight decimal places. 

5. 6 by .1573 to three decimal places. 

6. .11 by 1937.43 to eight decimal places. 

7. 46 by .00751515151 to three decimal places. 
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DIVISION OF POWERS. 

169. Since 5 5 = 5x5x5x5x5, 
and 5 s = 5 X 5 X 5, 

therefore, fj = 5x5x5x5x5 = 5 x 5 = 5 , 

5 8 5x5x5 

That is, 

(1) The quotient of two powers of the same number is 

expressed by writing the number with an exponent equal 

to the exponent of the dividend minus that of the divisor. 

5 8 5x5x5 1 1 



Also, 



5 s 5x5x5x5x5 5x5 5 2 

* c_2 . 



But by (1), 5 , _ , 

therefore, 5" 2 = — • That is, 

5 

(2) Any number with- a minus exponent is the reoiprooal 
of the number with an equal plus exponent. 

5 8 
Again, - = 1. 

But by (1), | = 5°; 

therefore, - 5° = 1. That is, 

(3) Any number with aero for an exponent is equal to 1. 

Find the value of 

1. 10°; 10 1 ; 10 s ; 10 8 ; 10 4 ; 10 5 ; 10 6 . 

2. 10°; 10- 1 ; 10-*; lO" 8 ; 10" 4 ; lQr 5 ; 10" 6 . 

3. 10°xl0°; KPxlO- 1 ; l^XlO" 2 ; KFxlO- 8 ; 10 4 X 10" 5 . 

4. HF-r-lO- 1 ; lO-^lO 8 ; lO^-f-lO" 8 ; lO-'-r-lO" 4 . 

5. lO^XlO 8 ; 10 8 -r-10 2 ; lO-^lO 8 ; lO-^lO" 8 . 

6. 10* --10; IO^h-IO 8 ; lO^lO- 1 ; MH + IO" 1 . 

7. l.OP-l.Ol- 1 ; l.OPxl.Ol' 1 ; 1.01- 1 -*- 1.01" 1 . 
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REVIEW IV. 

Division is the operation by which, when a product and 
one of its factors are given, the other factor is found. 

With reference to this operation, the product is called 
the dividend ; the given factor, the divisor } and the required 
factor, the quotient. 

When the given factor is the multiplicand, the factor 
sought is the multiplier. 

In this case, it is required to find what we must multiply 
the divisor by to get the dividend. 

It is, therefore, necessary to find how many times the 
divisor is contained in the dividend ; and the answer will 
be, so many times. 

When the given factor is the multiplier, the factor sought 
is the multiplicand. 

In this case, it is required to find what we must multiply 
by the divisor to get the dividend. 

It is, therefore, necessary to divide the dividend into 
as many equal parts as is indicated by the number in 
the divisor; and the answer will be, so much to each 
part. 

The arithmetical process and the numerical result are the 
same in both cases, but the name to be attached to the quo- 
tient depends upon the nature of the question. 

Division is indicated by the sign (-r-), the colon (:), or by 
writing the- dividend over the divisor and drawing a line 
between them. Whatever symbol of division is employed, 
it is read, " divided by." 

The dividend may be separated into parts, and each part 
divided by the given divisor; the sum of the results will 
then be the entire quotient. 
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Hence, in dividing, 

Find by trial the first figure of the quotient. 

Subtract from the partial dividend the product of the 
divisor by this quotient figure. 

Consider the remainder with the next figure of the divi- 
dend annexed as a new partial dividend, and proceed as 
before. 

When the divisor is so small that the necessary multipli- 
cations and subtractions can be carried on mentally, the 
operation is called Short Division. 

When the work is written in full, the operation is called 
Long Division. 

The deoimal point 'may be suppressed in any divisor, if 
the point in the dividend be moved as many places to the 
right as there are decimal places in the divisor. And if the 
first quotient figure be written over the right-hand figure 
of the first partial dividend, the position of the decimal 
point in the quotient will be directly over that in the divi- 
dend. 

To divide by 10, 100, 1000, etc., it is necessary only to 
move the decimal point in the dividend as many places to 
the left as there are ciphers in the divisor. 

To divide by .1, .01, .001, etc., it is necessary only to 
move the decimal point in the dividend as many places to 
the right as there are decimal places in the divisor. * 

To divide by the product of two or more divisors gives 
the same result as to divide first by one divisor, the quo- 
tient by another divisor, and so on. That is, 

Equal factors of the dividend and divisor may be sup- 
pressed without altering the value of the quotient. 

Suppressing equal factors in dividend and divisor is called 
cancelling. 
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When the dividend is 1, the divisor and quotient are 
reciprocals of each other. Hence, 

Multiplying by the reciprocal of a number is equivalent 
to dividing by the number. 

Dividing by the reciprocal of a number is equivalent to 
multiplying by the number. 

The quotient of a power by another power of the same 
number may be expressed by writing the number with 
an exponent equal to the exponent of the dividend dimin- 
ished by the exponent of the divisor. 

Any number with a minus exponent is the reciprocal of 
the number with an equal plus exponent. 

The quotient of two equal powers of the same number 
may be expressed by unity, or by the number with zero 
for an exponent. That is, 

The zero** 1 power of any number is equal to 1. 

To test the accuracy of the work in Division, multiply 
the divisor by the quotient. The product should be equal 
to the dividend. 

When a parenthesis includes two or more numbers, the 
included numbers must first be reduced to a single number, 
and the result put in place of the parenthesis. 

In contracted division of decimals : 

First, determine the number of significant figures required 
in the quotient. 

Secondly, begin to cut off figures from the right of the 
divisor, * when the number of figures still required in the 
quotient is two less than the number of digits in the divisor. 

Thirdly, in multiplying the divisor by each quotient 
figure, multiply the figure of the divisor cut off, and carry 
the nearest ten. 



CHAPTER VIII. 

MISCELLANEOUS EXERCISES. 

Before giving any more examples, we shall give a method 
of testing the accuracy of results in the four operations by 
what is called 

CASTING OUT NINES. 

170. A product of two integral factors is called a multi- 
ple of either of its factors. 

Every power of 10 is one more than some multiple of 9. 
Thus, 10 = 9 + 1; 10 2 =llx9 + l; IV = 111 X 9 + 1, etc. 

Every multiple of a power of 10 by a single digit is, 
therefore, some multiple of 9, plus that digit. For example, 
500 = 5 x 11 X 9 + 5 ; 7000 = 777 x 9 + 7, etc. 
- But as every number consists of the sum of such multi- 
ples of powers of 10, every number is a multiple of 9, plus 
the sum of its own digits. 

Thus, 24,573 is a multiple of 9 plus 2 + 4 + 5 + 7 + 3. 
If a number, therefore, be divided by 9, the remainder will 
be the same as that arising from dividing the sum of its 
digits by 9. 

In finding the remainder from dividing the sum of the 
digits by 9, we may, of course, omit the nines, or any two 
or three digits which we see at a glance will make 9. Thus, 
to find the remainder on dividing 1,926,754 by 9, we see at 
once that 1, 2, 6, and 5, 4, make nines, and the single 7 
will be the remainder. So in 254,786, we reject 5, 4, and 
2, 7, and only add 8 + 6, from the sum of which reject 9, 
and there is left 5. 
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171 • This truth may be applied to test the accuracy of 
results obtained in addition, subtraction, multiplication, 
and division. 

Addition. 



(1) 81,364 = a number of nines + 4 ' 
27,632= " " +2 



38,507= " " +5 

67,549= " " +4 



-Add. 



6 . . . . 215,052 15 .... 6 

From the several numbers to be added, the nines are cast 
out; then, from the sum of the several remainders, a final 
remainder of 6 is obtained, which corresponds with remain- 
der obtained by casting out the nines from the sum. There- 
fore, the work may be presumed to be correct. 

Subtraction. 

(2) 176,543 = a number of nines + 8 1 « , , . 
85,674 = " " + 3 J U raC ' 

5 . . . . 90,869 5 

The nines are cast out from the minuend and subtrahend, 
and the remainder of the subtrahend is subtracted from 
that of the minuend, giving a final remainder, 5, which 
corresponds with the remainder obtained by casting out 
the nines from the difference. 

It is obvious, that a number of nines + a remainder, sub- 
tracted from a number of nines + a remainder, will give an 
exact number of nines + the difference of the remainders. 

(3) 51,786,531 = a number of nines + 01 Subtract 
23,456,780 = " " + 8 J 

1 . . . . 28,329,751 T 
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Since the remainder from casting out nines from the minu- 
end is less than that of the subtrahend, it is necessary to 
add a nine to the remainder of the minuend. 

Multiplication. 
172. (4) Multiply 47 by 61. 

47 = 45 + 2. 
61 = 54 + 7. 
Therefore, 47 X 61 = (45 + 2) X (54 + 7) 

= 45 x 544- 2x54 + 45x7 + 2x7. 

45 x 54, 2 X 54, and 45 X 7 are a number of nines. 
That is, the entire product is a number of nines + 2x7; or, 
since 2x7 = 9 + 5, the entire product is a number of nines 
+ 5. And the product of 47 X 61, namely, 2867, is a number 
of nines + 5 ; therefore, the work is presumed to be correct. 

The work may be arranged as follows : 



* * ' * j? 1 Multiply. 

• • • • I • 



47 
61 
47 14 



282 
2867 



m JS::::j} M ^- 

13701 20 .... 2 

41103 
9134 



1338131 2 



It is important to observe, that if there be an error which 
this test does not indicate, the error must be a multiple of 



nine. 
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Division. 

173. 2708 

498)1348708 
996 
3527 
3486 
4108 
3984 
124 



That is, 1348708 = 498 X 2708 + 124. 

But 1348708 = a number of nines + 4, 

by (5) 498x2708= " " +6, 

and 124= " " +7. 

Therefore, 

498 X 2708 + 124 = number of nines + 6 + 7. 

+ 4. 



n << 



Therefore, the two members of the equation 1348708 
= 498 X 2708 + 124, when divided by 9, give the same 
remainder, namely, 4. 

The work may be arranged as follows : 



. . 4 







8 
3 . . 


2708 

. . 498)1348708 . . 




'6 . 


. . . 24 


996 
3527 


Add- 






3486 
4108 
3984 




7 




124 


■»•••• 


13 
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CASTING OUT ELEVENS. 

174. Even powers of 10 are multiples of 11, plus 1 ; odd 
powers of 10 are multiples of 11, minus 1. For example, 

100 = 9 X 11 + 1 ; 10,000 = 909 X 11 + 1, etc. 

10 = 11 — 1 ; 1000 = 91x11-1; 10* = 9091 X 11-1, etc. 

Therefore, if a number expressed by a digit in an odd 
(1st, 3d, etc.) place be divided by 11, the remainder will 
be equal to that digit. And a number expressed by a digit 
in an even (2d, 4th, etc.) place will lack that digit of being 
a multiple of 11. Hence, if a number expressed by two 
digits be divided by 11, the remainder equals digit in the 
odd place minus digit in the even place. (The digit in the 
odd place, when less than that in the even place, must be 
increased by 11). 

Therefore, if any number be divided by 11, the remainder 
will be the same as if the sum (increased by a multiple of 

11 if necessary) of the digits in the odd places minus the 
sum of the digits in the even places were divided by 11. 

The proof by casting out elevens is similar to that by 
casting out nines ; and if a process stands both tests, the 
only error possible would be a multiple both of 9 and of 11. 

Multiply 67,853 X 2976, and test by casting out the 

e 6VenS 6 SS ""l\ Multiply. 

2976 . . . ._6J * J 

407118 30 .... 8 

474971 

610677 

135706 



201930528 8 

In applying either test to decimals, disregard the decimal 
point. In questions involving large numbers, always apply 
one or both tests to the work. 
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Exercise I. 
Express in words : 

1. 327.244. 3. .390012. 5. .0000008. 

2. 80.9056. 4. 20000.002. 6. 41.27105. 

Write in figures : 

7. Two hundred thirty-five and eight hundred thirty-five 

thousandths. 

8. Seventy-four and two hundred three thousand six mil- 

lionths. 

9. Twelve hundred and eight thousand three ten-mil- 

lionths. 

10. Five thousand sixty-four millionths. 

11. One million and four tenths. 

12. Six hundred-millionths. 

Multiply and divide : 

13. 789.365 by 10 ; by 100 ; by 100,000. 

14. .004 by 100 ; by 10,000 ; by 1000. 

15. 436. by 1,000,000; by 1000 ; by 10. 

16. .1 by ten ; by ten millions. 

Find the value of : 

17. 21.3706 + 15.243 + 1.8954 + .026891 + 5.328 + 29.74. 

18. 57. + .0057 + 6.8 + 1200 + .847 + 159.2 + 3. 

19. .0012 + 10 + 5.8281 + 5 + 39.43 + .6827 + 1. 

20. 23.9875-12.4764; 35.14732-27.62815. 

21. 102.1274-83.072; 39.801-17.9645. 

22. 30-5.2817; 1.7 -.8469. 

23. l-.542a7; 100 -.001 76. 

24. 24.271 - 3.6485 + 15.271 - 13.256 - 14.125. 

25. 52 + .52 -17.8946 -30.254 -.5 + 21.12. 
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26. 41.289 X .5 ; .268 X .9 ; .112 x .2. 

27. 2.435x4.23; 71.651x3.37; .251 X .04. 

2a .0012 X. 005; 2.26823x200; 5.6125 X .0768. 

29. .7 X 7 X .07 ; .15625 X 23.7 X .00192 X 5. 

30. (2.465 + 1.21) X (3.2 - 2.89). 

31. (3.01) 2 ; (.045)*; (.0081)*; (5.1004) 8 ; (.76)*. 

32. (.125)* X (.32) 8 . 

% 

Divide : 

33. 291.84 by 6; .12936 by 12; 7.92801 by .9. 

34. 58.383 by .39 ; .28744 by .08 ; 491.205 by .065. 

35. 68.325 by 6.25 ; .732 by 1.6 ; 1208.88 by .438. 

36. 498 by .0125 ; 7 by .007 ; 1000 by .0001. 

37. .235 by 10.24 ; 27 by 12 ; .00507702 by .0283. 

38. 89.3 by .00752 ; 74.1 by .0256 ; 1 by .128. 

39. .39842 by 3.7164 ; 2816 by 13.789 ; .0005 by .0028. 

40. 63.04128 by 912.85 ; 287.209 by .00493 ; 2000 by .0059. 

Exercise II. 

Find the second members of the following equations : 

1. 1.4 + 2.08 + 3.895 = 

2. 2.8 + 2.08 + .28 + .028 + .812 = 

3. 1.667 + 0.4 + 0.286 + 6.08 + .636 + 0.931 = 

4. 6.125 -.57 = 

5. (4.625 + 1.146) -(1.2 + 3.571) = 

6. 6.913 - (2.85 - 0.937) = 

7. 24 - 2.4 + (5 - 3.508) - 3.092 = 

8. 10 - (4.25 - 2.5 + 2 - 0.625 - 0.4 - 2.02) - 0.295 = 

9. 1.5 X .08 X .5 = 

10. .1204 X .0168 x 100 = 

11. .04 X 3.25 X .06 = 

12. 36 x .002 x 2.05 X .00765 = 

13. 139x28 + 42x.002 + 6x.004-.05x20 = 
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14. (10 - 1.25) X 0.2 + 0.02 X 2.8 + (80.3 X 0.1 - 5.3) X 10 
- 805.3 x .02 = 

15. 28.3696 -T- 1.49= 19. .28744-800 = 

16. .27 --.00225= 20. 491.205-^-650 = 

17. 8.8779-175.8= 21. 68.325-6250 = 

18. .0427 -92.3= 22. .732 -*- 16,000 = 

23. 1208.88 ~ .438 = 

24. 2 - .01 - (.2 ~ .02 + .8 - 10) + 36.48 - 8 - (4 -h .05 

-2 + .6-1.25) = 

25. 72.2 - 10 - 2 - (.5 - 1.60) + 2.125 -f- (1.75 - .5) = 

Exercise III. 

L What number subtracted 88 times from 80,005 will leave 
13 as a remainder ? 

2. If 7 men can build a wall in 16 days, how many men 

will it take to build a wall three times as long in 
half the time ? 

f 

3. How many minutes are there between 25 minutes past 

8 in the morning and midnight ? 

4. The velocity of sound being 1090 feet per second, at 

what distance is a gun fired the report of which I 
hear 11 seconds after seeing the flash ? (5280 feet 
make a mile.) 

5. How long would it take to travel 30.2375 miles at the 

rate of 8.85 miles per hour ? 

6. The circumference of a circle being 3.1416 times the 

diameter, find the circumference of a circle whose 
diameter is 6.8 feet ; also, find the diameter of a 
circle whose circumference is 20 inches. 

7. How much wire will be required to make a hoop 30 

inches in diameter, allowing 2 inches for the joining ? 

8. How many times would such a hoop turn in going half 

a mile ? 
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9. Cork, whose weight is .24 of that of water, weighs 15 
pounds per cubic foot. What is the weight of 6 
cubic feet of oak, the weight of oak being .934 of 
that of water ? 

10. From what number can 847 be subtracted 807 times, 

and leave a remainder of 49 ? 

11. What is the 235th part of 141,235 ? 

12. What will 343 barrels of flour cost, at $ 6.37 a barrel ? 

13. 12 make a dozen, and 12 dozen make a gross. How 

many steel pens in^28 gross? What will a gross 
of eggs cost, at 27 cents a dozen ? 

14. How much must be added to $4429 in order to make 

the sum 43 X $241? 

15. What number deducted from the 26th part of 2262 

will leave the 87th part of the same number ? 

16. At an ordinary rate, 123 words a minute, how long 

will it take a man to deliver a speech of 15 pages, 
each of 28 lines, and each line containing 11 words? 
How long would it have taken Daniel Webster to 
deliver the same speech, at the rate of 93 words a 
minute ? 

17. How long would it take a railway train to go from 

New York to San Francisco, 3310 miles, at the rate 
of 1973 feet a minute ? 

18. How long will it take to count a million, at the rate of 

67 a minute ? 

19. If you put into a box 17 cents a day, including Sundays, 

beginning January 1 and ending July 4, how much 
money will there be in the box ? 

20. If a man's income is $3000 a year, and his daily 

expenses average $7.68, what does he save in a 
year? 

21. In a question of division the quotient was 87.83, the 

divisor, 759. What was the dividend ? 
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22. It is 3.1416 times as far round a wheel as across it. 

How many times will a wheel 4.5 feet across turn 
round in going 23 miles of 5280 feet each ? 

23. How many gallons of 231 cubic inches are contained 

in a cubic foot (1728 cubic inches) ? in a bushel of 
2150.42 cubic inches? How many cubic feet in a 
bushel ? How many bushels in 31.5 gallons ? 

24. Seven children had left to them $7186 apiece; one 

died, and his share was divided among the surviving 
six. How much had each then ? 
26. What is the nearest number to 7196 that will contain 
372 without a remainder ? 

26. How long will it take 2 men to do what 1 man can do 

in 6 days ? what 4 men can do in 3 days ? what 3 
men can do in 4 days ? 

27. Divide $1.80 among Thomas, Richard, and Henry in 

such a way that Henry shall receive 3 cents for 
every 5 cents that Thomas gets, and Richard shall 
receive 2 cents for every 3 cents that Henry gets. 
2a Divide $87.84 between B and C so that C shall get 
$19 as often as B gets $17. 

29. Three partners received for goods: one, $371.63; the 

second, $285.40 ; the third, $411.91. They paid for 
the goods $879.34, and divided the balance equally 
among them. How much did each receive ? 

30. At 12 inches in a foot, how many inches long is a wall 

35 feet in length ? A brick and its share of mortar 
being 8.4 inches long, how many bricks in length is 
the wall ? 

31. A brick and mortar being 2.4 inches in height, how 

many bricks are required to build the wall 12 feet 
high, if the wall be two bricks wide. 

32. What is the total weight of the wall, if a brick and its 

share of the mortar weigh 4.13 pounds? What is 
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the weight after a long rain, when the weight is in- 
creased to 4.27 pounds for each brick ? 

33. How many pounds does each foot in length of the wall 

weigh ? 

34. If 60.98 cubic inches of brick weigh 4 pounds, how 

many cubic inches of brick weigh 1 pound ? How 
many pounds would a cubic foot (1728 cubic inches) 
weigh ? 

35. If a cubic foot of water weigh 62.5 pounds, how many 

times as heavy as water is brick ? 

36. Light moves through the air at 186,500 miles in a 

second. How many times can it go around the earth 
in a second, the distance round the earth being 
24,897.714 miles? 

37. Light moves through the air at 300,190 kilometers in 

a second. How many times can it go around the 
earth in a second, the distance round the earth being 
40,007.5 kilometers ? 

38. A minute is 60 seconds. How many miles and how 

nany kilometers can light travel through air in a 
minute ? 

39. An hour is 60 minutes. How many miles and how 

many kilometers can light travel in an hour ? 

40. The distance round the earth, given in Ex. 37, is meas- 

ured on a north and south line. Around the equator 
the distance is 40,075.45 kilometers. How many 
times could light move round the equator in one 
minute ? 

41. Find the reciprocal of the difference between 31.24 and 

31.23768. 

42. The Hanoverian mile is 25,400 Hanoverian feet long, 

each foot being .9542 of an English foot. Find to 
four places of decimals the fraction that an English 
mile of 5280 English feet is of a Hanoverian mile. 



\ 



\ 

\ 
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43. Express in inches the length of a meter, given that a 

meter is one ten-millionth of a quarter of the earth's 
circumference, that the circumference is 3.14159 times 
the diameter, that the diameter is 7911.7 miles, and 
that a mile is 5280 X 12 inches. 

44. How must a number be altered to double its reciprocal ? 

45. What effect is produced on the sum of two numbers, if 

each number is increased by the same number? 
\ What effect on the difference? 
' 46. What effect is produced on the product of two numbers, 
if both numbers are multiplied by the same number ? 
What effect on the quotient ? 

47. What effect is produced on the remainder, if both 
divisor and dividend are multiplied by the same 
number ? If both are divided by the same number ? 

48. In going from one planet to another light probably 

moves faster than in air. Suppose it moves at 
309,800 kilometers a second, how long would it 
take light to perform each of the following journeys : 

Moon to Earth 375,500 kilometers. 

Sun to Earth 147,250,000 

Sun to Mercury 56,900,000 

Sun to Venus .... 106,400,000 

Sun to Mars . . .224,100,000 

Sun to the Asteroids . . . 400,000,000 

Sun to Jupiter 765,400,000 

Sun to Saturn .... 1,403,000,000 
Sun to Uranus .... 2,817,000,000 
Sun to Neptune .... 4,421,000,000 
Sun to the nearest star . 24,000,000,000,000 

49. A kilometer is about .6214 of a mile. How many miles 

is each of the planets from the sun ? 



CHAPTER IX.* 

MEASURES. 

175i Continuous quantities (such as length, surface, bulk, 
value, heat) cannot be counted ; they are measured. 

176. To measure a quantity is to find how many times 
it contains a known quantity of the same kind, called the 
unit of measure. 

177. The unit of measure for lengths is a meter ; and 
from this are derived the units of surface, volume, and 
weight. 

The meter was intended to be one ten-millionth of the 
distance from the equator to the north pole, but more care- 
ful measurements of meridians show that this distance is 
10,001,887 meters. 

178. The standard meter, as defined by law, is the length 
of a bar of very hard metal, carefully preserved at Paris, 
accurate copies of which are furnished to the governments 
of all civilized countries. 

179. The principal units of measure are : m 

The meter ( m ) for lengths ; 
The square meter ( qm ) for surfaces ; 
The cubic meter ( cbni ) for large volumes ; 
The liter (*) (lee-ter) for smaller volumes ; 
The gram ( g ) for weights. 

* Chapters IX. and XIV. may be taken or omitted, at the option of the 
teacher. 
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180. All these units are divided and multiplied deci- 
mally, and the size of the measures thus produced is shown 
by one of seven prefixes ; namely, deka, meaning 10 ; hekto, 
meaning 100 ; kilo, meaning 1000 ; myria, meaning 10,000 ; 
and deci, meaning 0.1 ; cenli, meaning 0.01 ; milli, mean- 
ing 0.001.* 

But, as in United States money we seldom speak of any- 
thing else than dollars and cents, so in other measures it is 
only those printed in black letter in this chapter that are. 
in common use. 

Money. 

181. The unit of commercial values is the dollar. It is 
compared with the gram of gold by laws fixing the weight 
of gold which shall constitute a dollar ; but these laws are 
changed from time to time. Coins are also made of silver, 
nickel, and bronze. 

C A mill == 0.001 of a dollar. 

182. Divisions \ A cent (ct.) = 0.01 " 

I A dime = 0.1 
The unit, A dollar ($). 
Multiple, An eagle = 10 dollars. 

Cents are made of bronze ; half-dimes of nickel ; dimes, 
quarter-dollars, half-dollars, and dollars, of silver ; quarter- 
eagles, half-eagles, eagles, and double eagles, of gold. But 
the eagle is usually called ten dollars, and the dime ten 
Gents. That is to say, $ 137.875 is read 137 dollars 87 and 
a half cents, and not 13 eagles 7 dollars 8 dimes 7 cents 
5 mills. 






* All the compound names are accented on the first syllable, thus : 
mil' li meter. 
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183. Divisions - 



CO 



a 



t( 



<< 



t< 



<( 



Linear Measures. 

A millimeter (■"■) = .001 of a meter. 

A oentimeter ( cm ) = .01 
I A decimeter = .1 
The unit, A meter ( m ). 

' A dekameter = 10 meters. 

A hektometer = 100 

A kilometer (*») = 1,000 
k A myriameter = 10,000 



Multiples 



(< 



<t 



(i 



184. A length given in any one of these meas- 
ures may be expressed in terms of another measure 
by simply moving the decimal point to the right 
or left. 

Thus, 17,856,342 mm may be written as kilo-me- 
ters by observing that milli-meters are changed to 
meters by moving the point three places to the 
I left ; and these meters into kilo-meters by carrying 
| it three places further, making, in all, six places. 
* Therefore, 17,856,342™= 17.856342*°. 
1 Again, 4.876326 km may be written as centi- 
§ meters, by observing that kilo-meters are changed 
I to meters by moving the point three places to the 
o right, and meters to centi-meters by moving it two 
- — Ej « places further, making, in all, five places. There- 



= I fore, 4.876326*° = 487,632.6 



185. The rule, therefore, for this conversion is : 
First change the point so as to convert the given 
measures into terms of the prinoipal unit; then* 
change the point so as to convert the principal 
into the required units. 

.186. Remember that, before adding or sub- 
tracting, the quantities must be written in the 
same units of measure. 
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1. Convert 5427 m into kilometers ; into millimeters ; into 

centimeters. 

2. 6853 mm contain how many meters ? how many centime- 

ters ? what part of a kilometer ? 

3. Write 49. 7 m as centimeters ; as millimeters ; as part of 

a kilometer. 

4. How many centimeters in 12.4 km ? how many milli- 

meters ? 

5. Change 1230 meters into kilometers ; into centimeters.- 

6. Write 1230 cm as meters ; as millimeters. 

Find the value of each of the following expressions in 
meters : 

7. .435 m + 852°™ + 4263 mm + .1595 km . 

8. .927*° - 6495°™ ; 4.37°™ - 42.87 mm . 

9. 8 X .0457 km ; 3.04 X 60.93 cm ; 5.43 x 67.2 mm . 

10. 38,019 mm -f- .097 ; AV™ -s- 25.625. 

11. At |1.87 the meter what is the cost of 6.20 m of cloth ? 

12. At $.75 the meter what is the cost of 60™ of cloth ? 

13. From a piece of cloth containing 47.60 m a tailor cuts 

off three pieces: the first of 3.80 m , the second of 
1.30 m , and the third of 45 cm . How much of the 
cloth is left? 

14. What is the value of 60™ of cloth, worth $ 5.20 a meter? 

15. If $6.00 are paid for a railroad ticket to travel 440 km , 

what is the fare per kilometer ? 

16. If a train run ]288 km in 9 hours, how many meters does 

it run in a minute ? 

17. If a man walk at the rate of 6*° an hour, what part of 

an hour will it take to walk 420 meters ? 

18. A railroad carried 412 passengers 18 kilometers, and 

received $ 88.992 ; at the same rate, what will it re- 
ceive for carrying 350 passengers 35 kilometers ? 
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Square 
Centimeter. 



Mbabubes op Subface. 

187i The unit of surface is a square, each side 
of which is a linear unit. 

The principal unit of surface is, therefore, a 
square meter ( <pa ). 



i i i i i i i i i 



188. But in square measure, the multiplication and divi- 
sion of units is by hundreds and hundredths, 
instead of by tens and tenths. Suppose the 
square in the margin to represent a square 
meter. It is divided into ten equal horizon- 
tal bands, and each band is one-tenth of the 
square meter. Each band can be divided, 
as the upper one is, into ten little squares measuring 
one-tenth of a meter on a side. Each of these squares 
-will be .1 of the band, or .01 of the whole square. The 
square meter, therefore, contains 10 X 10 or 100 square deoi- 
meters. 

If the square meter were divided into 100 equal hori- 
zontal bands, each band would be .01 of the square ; and if 
each of the 100 bands were divided into 100 squares, that 
is, into 100 square centimeters, the whole square would 
contain 100 x 100 or 10,000 square centimeters. A square 
meter, therefore, contains 10,000 square centimeters. 

If the square were divided into 1000 equal bands, 
each band would be .001 of the square; and if each of 
the 1000 bands were divided into 1000 squares, that is, 
into 1000 square millimeters, the whole square would 
contain 1000 X 1000 or 1,000,000 square millimeters. A 
square meter, therefore, contains 1,000,000 square milli- 
meters. 
That is, 
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189. 

A square millimeter ( qmm ) = .000001 of a square meter. 

A square centimeter ( qcm ) = .0001 

A square decimeter = .01 

A square meter ( qm ) Principal Unit. 

A square dekameter = 100 square meters. 

A square hektometer = 10,000 " 

A square kilometer ( qkm ) = 1,000,000 " 

It will be observed that while centimeters are in the sec- 
ond and millimeters in the third decimal place from meters, 
square centimeters are in the fourth and square millimeters 
in the sixth decimal place from square meters. 

190. In the measurement of land, the square dekameter 
is called an ar (*), and the square hektometer is called a 
hektar (■»). 

191. Be careful, in converting square measures from one 
unit to another, to observe that, when the ar is the unit, 
the point is to be moved as in linear measure ; but when 
the square meter is the unit, the point is to be moved twice 
as far as in linear measure. Thus, it takes 100 ars to make 
a hektar; but 100 X 100, or 10,000 square centimeters to make 
a square meter, and 100 X 100, or 10,000 square meters to 
ma^ke a square hektometer, or hektar. 

L Convert l,854,276 qm into hektars ; into square kilome- 
ters. 

2. How many hektars in 2.7856 square kilometers ? 

3. Write 1.7431 qm as square centimeters; as square milli- 

meters. 

4. How many square kilometers in 17,467.5 hektars ? 

5. How many square meters in 1.3614 qkm ? 

6. How many square meters in 2.25 hektars ? 
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7. How many square centimeters in 0.0137 of a square 

meter? 
a Write 3.571 qcm as square millimeters. 



Measures of Volume. 

192. The measure of capacity, or volume, 
is a cube, each face of which is a square 
unit. 



Cubic Centimeter. 




193. It is to be observed that the cubic meter can be 

divided into 10 layers, each a 
meter square and a decimeter 
thick. Each layer will, there- 
fore, be .1 of a cubic meter. 

Again, each layer can be 
divided into 10 equal parts. 
Each part will, therefore, be 
.1 of the layer, or .01 of the 
meter, and will be a decime- 
ter square and a meter long. 
Also, each one of these parts 
can be divided into 10 equal 
parts, each of which will be a cubic decimeter, and will be 
.1 of .01, or .001 of the cubic meter. 
-The oubio meter, therefore, contains 1000 cubic decimeters. 
In like manner, each cubic decimeter can be divided into 
1000 cubic centimeters, and each cubic centimeter into 1000 
cubic millimeters. 
That is, 

194. 

A cubic millimeter ( cmm ) = 0.000000001 of a cubic meter. 

A oubio centimeter ( ccm ) = 0.000001 

A cubic decimeter = 0.001 

A oubio meter ( cbm ). Principal unit. 
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It will be seen that in cubic measure, the decimal point 
is to be moved three times as far, when changing the unit, 
as in linear n 



1. How many cubic centimeters in 2.25 cb " 

2. How many cubic meters in 2,162,875™ 




195. tn measuring wood the cubic meter is called a 

196. In measuring liquids, grain, etc., the oubio deoi- 
meter is always called a liter. 

If the water in the liter represented in the margin stands 
6™ high, how many cubic centi- 
meters of water are there in the 
measure? How many will be re- 
quired to fill it ? If the faucet be 
turned and the water allowed to 
run out until the measure is only 
half full, how many cubic centi- 
meters will run out? How many 
will still remain? "— Cu, * c D " imrttr - 

When the liter is the unit, the numeral prefixes have the 
same value as in linear measure. Thus, 
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' A milliliter 


= .001 of a liter 


Divisions 


A centiliter 


= .01 " " 




. A deciliter 


<= .1 


The unit, 


A liter ('). 






A dekaliter 


= 10 liters. 


Multiples 


A hektoliter ( u ) 


= 100 " 




. A kiloliter 


= 1000 " 



1. How many liters in 1.7™? in 157,854""? 

2. How many cubic centimeters in 9.5 1 ? 

fin .015 1 ? 
3. Change 1.25" to cubic centimeters; to 
the fraction of a cubic meter. 
4. Convert 431.88 1 into hektolitera ; into 
the fraction of a cubic meter. 
6. Write .375*" as liters ; as cubic centi- 
meters. 
lib i«^ 6cm). 6, Write 734,159.651™ as liters ; as hek- 

toliters ; as cubic meters. 
7. How many cubic meters in 8,573,412.867™ ? 
& Change the expression .734578912*° into cubic centi- 
meters ; into liters. 
9. Change 1731.5 liters into cubic meters; into cubic 



198. The units of weight are the weights of units of pure 
water taken at its greatest density, 

^SBjB t ^ ll[ - ' B . a little above the freezing 

fflSFm w pomt 

Of BJ g*T-i The principal unit is the gram, 

£- * «"F which is the weight of a ouhio oen- 

cowc (Mmto. oirawtigM. timetw of water. 

The numeral prefixes have the 

same value as in linear measure. Thus, 
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199. ( A milligram ("*) = 


0.001 of a gram 


Divisions < A centigram = 


0.01 " " 


(. A decigram = 


0.1 " " 


The unit, A gram ( B ). 






A dekagram = 


10 grams. 


Multiples 


A hektogram = 


100 " 


A kilogram (*■! = 


1000 " 


A metric ton (') = 


1000 kilograms. 


200. A cubic centimeter of water w 


eighs a gram. 


A liter of water weighs a kilogram, 


A oublo meter of water weigh 


a ton. 



i 



Kilogram Weight, 



L How many kilos* in 1.73' ? in 0.341 of a ton ? 

2. How many kilos will a hektoliter of water weigh ? 

3. Convert 13,756 ms into grams ; into the fraction of a 

kilo. 

4. What is the weight in grama of 346.1*™ of water ? 

5. Give the weight in kilograms of 0.37615 clM of water. 

6. Change .6778** into milligrams. 

7. How many milligrams in the third part of 17.4 grams? 

* Kilogram is generally called kilo. 
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Exercise IV. 

1. Add 17.3 n , 87.41- 271 cm , 38CT", and 1.79". 

2. What is the sum of $15.87, $39.46, $47.52, $75.38, 

$75.89 ? 

3. Add 187"*, 49.3 n , 817—, and 6.138 m . 

4. The door-sill being 3"" high ; the door, 2.34 m ; the finish 

over it, IS.? " 11 ; and the distance from finish to ceil- 
ing, 93 cm ; how far from floor to ceiling ? 

5. The distance to the post-office is 3.31*" ; thence to the 

mill, 1.711*"; thence to the store, 3.718*"; thence 
home, 2.543*". How long is the circuit ? 

6. From Portland, Me., to Boston is about 132 km ; Boston 

to Albany, 320 km ; Albany to Buffalo, 480 km ; Buffalo 
to Chicago, 800*" ; Chicago to Omaha, 800*° ; Omaha 
to Cheyenne, 780*" ; how far from Cheyenne to Port- 
land? to Albany? from Boston to Chicago? from 
Boston to Cheyenne ? 

7. If I travel 789.7*" a day, how far shall I go in 7 days? 

in 8.5 ? in 19.6 ? in 27.8 ? in 365 days ? 

8. How much will 3 m of cloth cost, at $1.37 a meter? 

How much 5.38 m , at $2.63 a meter? 

9. How much will 13.4** of opium be worth, at $8.48 a 

kilo? 28.79*, at $7.96 a kilo? 
10, A man bought 153 barrels of flour, at $4,875 a bbl. 

What did the whole cost him ? 
1L He gave for it 6 shares of stock, at $113.50 a share, 

and the rest in cash. How much money did he pay ? 

12. He paid $13.75 for storage ; also, 75 cents a barrel for 

freight. How much do these expenses amount to ? 

13. It was sold, 49 bbls. at $6.50 a bbl. ; the rest at $6.25. 

What were the gross receipts? 

14. He paid for commissions, etc., $ 17.50 ; and counts his loss 

of interest at $ 29.30. What then is his net profit ? 
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20L If the diameter of a circle be multiplied by 3.1416, 
the product is the length of the circumference. (For great 
accuracy the diameter is multiplied by 3.1415927.) 

15. Find the circumference of a circle having a diameter 

ofl m . 

16. Find the circumferences of circles of which the diame- 

ters are respectively 83 m ; 3.71 m ; 32.8 m ; 10.4 cm ; 

ILS 8 "; 167.1 nim ; 39.3 mm . Give each to the nearest 
tenth of a millimeter. 

17. What is the length of the earth's orbit, to the nearest 

meter, if the diameter of the orbit is 294,481, 21 7*"? 

18. How far round this world, if its diameter is 12,734 km ? 
1 19. If a carriage- wheel is 1.31 m in diameter, what is its 

circumference ? How far will it go, if it roll with- 
out slipping, in turning once ? 17 times ? 
20. How often must that wheel turn in going 69.429 m ? 
73.513* ? 17.27^? 
/ 2L Find the reciprocal of 3.14159 to the 5th place. 

202s If therefore, a circumference be multiplied by 
.31831, the product is the diameter. 

22. What is the diameter of the circle whose circumference 
^ is 814.159- ? 

23k What is the diameter of the wheel which revolves 19.5 

times in going 107.25 m ? 
21 How thick through is a tree which has a girth of 2.97 m ? 
\ 25. What is the diameter of a circular field two kilometers 
in circumference ? 

26. What is the diameter of a rope of which the circumfer- 

ence is 20°°? 

27. In a park is a fountain whose basin is 75 m in circum- 

ference. What is the diameter of the basin ? 
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Measubes of Surface. 

203. When a surface is flat, and has four square corners, 
it is called a rectangle. Suppose the rectangle in the mar- 
gin is 3™* long and 2°" wide. If 
lines be drawn as represented in the 
figure, the surface will be divided 
into square oentimeters. There will 
be 2 horizontal rows of 3 square 
centimeters each ; that is, in all, 2 
times 3 square centimeters. Hence, 
Express the length and breadth of a rectangle in the same 
linear unit; the product of these two numbers will be its 
area in square units of the same name as the linear unit of 
the sides. 

Conversely, the number of square units in a rectangle, 
divided by the number of linear units in one side, will give 
the number of linear units in the other side. 



Exercise V. 

1. Find the*area of a rectangle n m by 19*". 

2. In a rectangular township 1&"* by 7*"*, how many 

hektars? If there are in it 47.3 km of highway, 
averaging 11. 7 m wide; how much land is left for 
other uses? 

3. In a rectangular field, 751.3 m long and 189.3 m wide, is 

a strawberry bed 31.4 m by 17.8 m . How many hek- 
tars in the field ? How many, exclusive of the straw- 
berry bed ? 

4. If my garden contain 941.65 qm , and my neighbor's 

748.37 qm , what is the area of both in hektars? 

5. If a painter can cover 8.786 qm in an hour, how much 

can he cover in 1.78 hours? in 3.86 hours? in 4.57 
hours? 
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6. How many hektars in each of three rectangular fields : 

one measuring 315.71 m by 78.91 m ; a second, 293.6 m 
by 84.84 m ; the third, 346.8 m by 71.82 m . How many 
in the three ? 

7. Give the price of each field, and of the whole, at 

$67.50 a hektar ; at $384 a hektar ; and at $2,375 
a square meter. 

204. If the area of a square be multiplied by .7854 it 
gives the area of the largest circle which can be drawn in 
that square. In other words, multiply the second power of 
the diameter by .7854 (that is, by \ of 3.1416), and the 
product is the area of the circle in square units of the same 
name as the linear unit of the diameter. 

8. What is the area of a circle 27 em in diameter ? of one 

which is l m in diameter ? 
^9. What is the area' in hektars of a circular field 784 m 
across ? 

10. Give the area of a circle SV"" 1 in diameter. 

11. Find the length of a rectangle 17 cm wide, and contain- 

ing 306 qcm . What length of carpet 75°" wide is 
required to make 27 qm ? 

12. A room is 16 m long, 8 m wide, and 8 m high; another 

room is 7 m long, 7 m wide, and 3 m high. How many 
square meters of painting on the walls of both rooms, 
if no allowance is made for doors and windows? 
How many more square meters of painting on the 
walls of the larger room than on those of the smaller? 

205t The surface of a sphere or globe is four times that 
of a circle of the same diameter. Therefore, 

To find the surface of a sphere, multiply the square of the 
diameter by 3.1416. 
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13. How many square centimeters of surface on a ball 7** 

in diameter ? 
\f 14. How many square centimeters of surface on a ball 18°" 

in diameter ? 
16. How many square meters of surface on a hemispherical 

dome 11.27 m in diameter? 

16. What is the interior surface of a hemispherical basin 

12 cm in diameter ? 

17. What is the interior surface of a hemispherical vase 

70"* in diameter ? 

206. Half the diameter is the radius ; and 3.1416 times 
the square of the radius is the area of the circle. 

18. Find, by this rule, the area of example 9. 

19. How many square centimeters are inclosed in a circle 

struck with a radius of 7°* ? 

20. In a sheet of zinc 1.76 m long and 89 cm wide are two 

circular openings, one of which has a radius 10.5°*, 
the other a radius 9.2°". What is the area of the 
zinc left ? 

21. What is the area of a circle of which the radius is 24 m ? 

22. A piece of land in the form of a circle has a radius of 
40 m ; in the middle of it is a pond forming a circle 
of 15 m radius. What is the total surface ? the sur- 
face of the pond ? the surface of the land to cultivate? 

Cabpetikg Rooms. 

207. Carpeting is made of various widths and is sold by 
the length. 

In determining the number of meters required for a 
room, we first decide whether the strips shall run length- 
wise or across the room, and then find the number of strips 
needed. The number of meters in a strip* multiplied by 
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the number of strips will give the required number of 
meters, without allowance for waste in matching patterns. 

23. How many meters of carpet GO ™ wide will be required 

for a room G m long and 5.4 ra wide, the strips running 
lengthwise ? how many meters would be required if 
the carpet were SO* 11 wide ? 

Since the room is 540 cm wide, it will take *£$, or 9 widths 

of carpet GO 5 ™ wide ; that is, the amount required will be 

9 X C m = 5i»» If the carpet were SO 6111 wide, it would take 

■y^, or 7 widths ; * that is, the amount required will be 

7 X C m = 42 m . 

24. How many meters of carpet 56°™ wide will be required 

for a room 8.32™ long and G.G m wide, strips running 
lengthwise ? 

25. How many meters of carpet 70**° wide will be required 

for a room 7 m long and 5.4 m wide, strips running 
across the room ? 

26. How many meters of carpet SO 6 " wide will be required 

for a room G m long and 5.47 m wide, strips running 
across the room ? 

27. How many meters of carpet 90°* wide will be required for 

a room 5 m long and 4.5 m wide, strips running length- 
wise? How much will it cost, at $1,875 a meter? 

28. How many meters of carpet 75 cm wide will be required 

for a room 5.25 m long and 4.75 m wide, strips running 
across the room? How much will it cost, at $2,125 
a meter ? 

29. How many meters of carpet 75°™ wide will be required 

for a room 5.6 m square ? How wide a strip will have 
to be turned under ? How much will the carpet cost, 
at $1.25 a meter? 

* Six widths would leave a surface GO 8 " 1 wide to ho covered. This sur- 
face would require another strip, of which a width of 20 om would he " turned 
under." It is economy to select carpeting of the right width for the room. 
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Papebing and Plastebhtg. 

206. The area of the four walls of a room is equal to that 
of a rectangle whose length is the perimeter of the room, 
and whose breadth is the height of the room. 

Perimeter = twice the length + twice the breadth. 
Area = perimeter x height. 

90. Find the area of the walls of a room whose length is 

6.12 m , breadth 5.05 m , and height 3.5 m ? 

Perimeter = 2 (6.12* + 5.05™) = 22.34* 
Area = 22.34* x 3.5* = 78.19**. 

/ 31. How many rolls of paper 45 cm wide and 8 m long, allow- 
ing 11.19 qm for doors and windows, will be required 
to paper this room ? 
82. Find the cost of papering a room 8 m long, 5.5 m wide, 
and 4.5 m high, with paper SO"* wide and 7.5 m in a 
roll, at $1.25 a roll, put on? There is a base-board 
25 311 wide running round the room, and an allowance 
of ll qm is made for doors and windows. 

33. Find the cost of plastering this room, at $ .50 a square 

meter. 

34. Find the cost of papering a room 5.5 m long, 4.8 m wide, 

and 3.2 m high, with paper 45°" wide, 7.5 m in a roll, 
at $ .875 a roll, put on, allowing 12 qm for base-board, 
doors, etc. 

35. Find the cost of plastering this room, at $ .45 a square 

meter. 
? 38. Find the cost of papering a room 6 m square and 3.5 m 
high, with paper 45 cm wide and 7.5 m in a roll, at 
$.75 a roll, put on; and of putting on a border, at 
5 cents per running meter. 
37. Find the cost of plastering this room, at $ .36 a square 
meter. 
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"^38. Find the cost of papering a room 13 m long, 12" 11 wide, 
and 7 m high, with paper 45 cm wide and 7.5 m in a roll, 
at $1.50 a roll, put on ; and of putting on a border, 
at $.30 a running meter, allowing 115 qm for base- 
boards, doors, etc. 

39. Find the cost of plastering this room, at $.60 a square 

meter. 
^ Board Measure. 

209. When boards are 25°"° or less in thickness, they 
are sold by the square meter. Likewise, boards more than 
25 mm thick, plank and ""dimension " lumber are sold by 
board measure. That is, by calculating the number of 
square meters of boards 25 mm thick to which each piece is 
equivalent. 

Thus, a board 4 m long, 25 cm wide, and 25 mm or less in 
thickness, is a meter, board measure ; but a plank 4 m long, 
25 cm wide, and 75 mm thick, is three meters, board measure. 
For, since the plank is three times as thick as an ordinary 
board, it is equivalent' to three boards, each 4 m long and 
25 cm wide. 
-- If a board tapers regularly, its average width is found by 
taking one-half the sum of its end widths. 

How many meters, board measure : 

40. In a board 8 m long and 20 cm wide ? 

41. In a joist 5 m long, 25 cm wide, and 75 mm thick? 

42. In a stici; of timber 15 m long and 40 cm square ? 

43. In 2 joists^5 m long, 27.5 cm wide, and 50""° thick? 

44. In 10 planks, each 4 m long, 45 cm wide, and 10°° thick ? 

and what is the value of these planks, at $ 25 a hun- 
dred meters? 

45. In 25 box boards, each 4 m long, 42°° wide, and 20°"° 

thick ? and what is their value, at $ 14 a hundred 
meters ? 
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Find the cost of: 

4a Ten joists 4.5 m long, lO"* wide, and 1.5°* thick, at $11 

a hundred meters. 
47. Thirty-six planks, each 4 m long, 27.8 cm wide, and 75 mm 

thick, at $ 16 a hundred meters. 
4a Three sticks of timber, each 8 m long, 22.5 cm wide, and 

20 cm thick, at $17.50 a hundred meters. 

49. A board 8.25 m long, 28 cm wide at one end and 35™ at 

the other, and 31.25 mm thick, at $.30 a meter? 

50. A stick of timber 10 m long, 25°* thick, 30°° wide at one 

end and 25 cm wide at the other, at $14 a hundred 
meters. 

51. The flooring for a two-story building 16 m by 10.5 m ; the 

flooring being 32 mm thick, and worth $30 a hundred 
meters. 

52. The flooring timbers for this building, the timbers being 

25°° by 50*"*, and placed on edge 30™ apart, and 
worth $11.50 a hundred meters. 
5a The fencing to enclose a field 150 m long and 75 m wide ; 
the posts are set 2.5 m apart, and cost $.25 apiece; 
the fence is 5 boards high ; the bottom board is 30 
the top board 25 cm , and the other three each 22.5 
wide, and the boards cost $ 13.25 a hundred meters. 

Note. Round logs are sold by board measure ; .25 is deducted 
for slabs. A scale is used, the calipers of which are applied to the 
middle of the log, and the amount of boards for a given length is read 
off the scale. 

Large and heavy timber is sold by the ton ; only .20 is allowed 
for slabs, and the amount is reckoned in cubic measure instead of 
board measure. 

A 



cm 
cm 



To find the volume of a rectangular solid. 

210. In the figure represented in the margin, let the 
length contain 5, the breadth 3, and the 
height 7 linear centimeters. . 

The base may be divided into square 
centimeters ; there will be three rows of 
5 square centimeters each ; in all, 15 
square centimeters. Upon each square 
centimeter may be placed a pile of 7 
cubic centimeters ; so that the solid will 
contain 15 X 7 cubic centimeters, that is, i 
centimeters. Hence, 

Express the length, breadth, and height of a rectangular 
solid in the same linear unit \ the product of these numbers 
•will be its volume in cubic nnitfl of the same name as the 
linear unit of the edges. 
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< 5 X 7 cubic 



Exercise VI. 

1. How many cnbic centimeters in a block 9°" long by 

7™ wide, and 6™* deep? 

2. If wood is cut into 120™ lengths, 

and a pile is 43. 7 m long and 

1.4™ high, how many sters of 

wood are there in it? 
X In a grain elevator is a bin 11.2™ 

long, 4,34 m wide, and 2.83™ I 

deep. How many hektoliters 

of grain will it hold ? 
4 If a liter of grain weigh .81 of the weight of a liter oi 

water, how much will the grain in that bin weigh ? 
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5. A bin measuring 16 m by 9.7 m , and 2.8 m deep, is full of 

oats, worth $.98 a hektoliter. What is the whole 
worth? 

6. A vat 197 <an long, 87™ wide, and 63™ deep, holds how 

many liters? What would be the weight of water 
required to fill it ? 

7. Add 1341 ccm , 231\ and 2.13 M , and give the sum in terms 

of each of the three units. 

8. If a spring pours out 467. 8 1 each minute, how many 

hektoliters will it deliver in 60 minutes ? in 37 min- 
utes ? in 78 minutes ? 

9. If 67.3 1 of oil in a vat with perpendicular sides fill it to 

a depth of 173 mm , how deep will 13.7 times that 
quantity fill it ? and how many hektoliters will there 
be? 
MX Into a round cup 10™ across, with perpendicular sides, 
pour oil until it is 1™ deep ; then there are 78.54°°* 
of oil in the cup. (See § 204.) How many cubic cen- 
timeters will there be when the oil is 38*"* deep ? 

11. What is the capacity of a tin cup 95 mm across and 

11. 08™ deep? 

12. What are the capacities of two cylindrical vessels, one 

being 16.24 cm across and 19.95™ deep, the other 
75.4 mm across and 87.9 mm deep ? 

211. The volume of a spfiere is found by multiplying the 
cube of the diameter by .5236. 

13. How many cubic centimeters in a ball 10™ in diameter? 

How much less if you take the more exact multi- 
plier? §201. 

14. Into a cubical box 20™ on a side, and full of water, an 

iron ball 20™ in diameter is gently lowered until it 
touches bottom. How much water is left in the box? 
Answer in liters and in cubic centimeters. 
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15. One cask contains 171.4 1 of oil ; another, 209.3 1 ; a third, 

73.8 1 ; while a square vat, 137°° each way, is filled to 
a depth of 69°*. How much oil in all the vessels ? in 
liters and in hektoliters. 

16. How many liters of air in a room 7.8 m long, 6.23 m wide, 

and 3 m high ? 

17. If a person's breathing spoil the air at the rate of 

.2175 cbm a minute, how long will it take 3 persons sit- 
ting in the room, closed, to spoil the air ? 

18. How long, at the same rate, would the air in a hall 22 m 

long, 16 m wide, and 7 m high, last an audience of 280 
persons ? 

19. How many cubic meters of wood in a round stick of 

equal size throughout, 37 cm in diameter and 8.4 m 
long? . #, 

Exercise VII. 

1. What is the weight, in kilograms, of a hektoliter of 

water ? of 73. 8 1 of water ? of a cubic meter of water ? 
of a cubic centimeter ? 

2. If a man buys half a ton of potatoes for $20, and retails 

them all, without waste, at 5 cents a kilogram, what 
profit does he make on the whole ? 

3. What is the weight of water required to fill a vat 98 <an 

long, 71 cm wide, and 38 m deep ? 

4. If the vat of the last example were filled with brine 

weighing 1.04 kg to the liter, what would be the 
weight of the brine ? 

5. If the vat of Example 3 were filled with wine weighing 

.981** to the liter, what would be its weight ? 

6. What is the total weight of 13 men averaging 73.48** 

each? 
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7. How many kilograms, and how many tons, would 

3.6175 cbm of brick weigh, at 2 tons to a cubic meter? 
at 2.34 tons ? 

8. From a barrel containing 67 kg of granulated sugar were 

taken three parcels of 2.75** each, and four parcels 
of 7.50 kg each. How much is left in the barrel ? 

9. Into how many pills of 325 mg each can a mass of 7.8 g be 

divided ? 
10. A mass of 21. 8 B is divided into 60 pills. What is the 
weight of each pill ? 

Specific Gravity. 

212. The specific gravity of any substance is the number 
of times the weight of the substance contains the weight of 
an equal bulk of water. 

Thus, if a sample of quicksilver has a specific gravity 
of 13.6,' it is 13.6 times as heavy as water ; a cubic centi- 
meter of it would weigh 13.6* ; a liter of it would weigh 
13. 6** ; and a cubic meter of it would weigh 13.6*. 

Again, if the specific gravity of a certain alcohol is .827, 
that is, if the alcohol weighs .827 as much as an equal bulk 
of water, then a cubic centimeter of it would weigh .827 g ; 
a liter, .827 k * ; and a cubic meter, .827*. 

213. Therefore, the specific gravity of a substance is the 
number that expresses the weight of a cubio centimeter of it in 
grams ; or of a liter in kilograms ; or of a cubic meter in tons. 

214. When a substance heavier than water is under 
water, the water buoys it up just the amount of the weight 
of the water displaced by it. I weigh a lump of coal sus- 
pended by a thread ; it weighs 1017 g . I then hang it, still 
suspended to the balance, in a pail of water, and lower it 
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until the coal is covered with water ; it now weighs 53 l g , 
and has lost' 486 g . The first information I . get is, that 
the lump contains 486 ccm of coal, for it displaces 486 ocm of 
water. Then to obtain its specific gravity, that is, its 
weight compared with that of water as unity (§ 166), we 
have 1017 -*- 486 = 2.092 as the specific gravity of the 
piece of coal. 

A piece of stone weighing l.l kg in air and .6** in water, 
is bound by a thread to a block of wood ; the two together 
weigh 1.28 kg in air and .54^ in water. What is the specific 
gravity of the wood ? 

Solution. 1.28*8 — 1.1*8 = .18*8, the weight of the wood in the 
air. 

1.28*8 — .54*8= .74*8, the weight of water displaced by the stone 
and the wood. 

1.1*8 — .0*8= .5*8, the weight of water displaced by stone alone. 

Therefore, .74 *8 — .5*8 = .24*8, weight of water displaced by wood. 

And .18 -7- .24 = .75, the specific gravity of the wood. 

Exercise VIII. 

« 

L If a stone weighs 1.3 kg in air and .68^ in water, and the 
the stone and a block of wood together weigh 1.55 kg 
in air and .63^ in water, what is the specific gravity 
of the block of wood ? 

2. What is the weight of 8.17 M of alcohol, specific grav- 

ity .83 ? 

3. What will 97 1 alcohol weigh, of spe- 

cific gravity .817 ? of specific grav- 
ity .819 ? of specific gravity .823 ? 
.838? .847? 

4. A bar of aluminum m* 111 long, 17 mm Hektoiiter. 

wide, and IS 00 ** thick, is said to be of specific gravity 
2.57. What does it weigh ? If it really is of spe- 
cific gravity 2.67, what does it weigh ? 




0' 
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5. What would be the specific gravity of the bar of the 

last example if it weighed 65.137*? 

6. What is the weight of a bar of aluminum QIV"* by 
63 mm by 84 mra , specific gravity being 2.63 ? 

An irregular mass of copper, gently lowered into a pail 
brimful of water, caused 1.374 1 to run over. What 
did it weigh if of specific gravity 8.91 ? if 8.89 ? 
8. What was the specific gravity of that copper if the 
mass weighed 12.3016**? 



215. The pupil will have seen, from the preceding exam- 
ples, that to find the specific gravity of a body he may 

Divide the weight in grams by the bulk in cubic centimeters, 
the weight in kilograms by the bulk in liters, or 
the weight in tons by the bulk in cubic meters. 

9. A plate of iron 137 cm long, 64.3™ wide, and 4.31 cm thick, 
weighs 277.54 kg . What is its specific gravity ? What 
would the same mass weigh at specific gravity 7.47 ? 
at 7.79? 

10. What is the specific gravity of sea- water when a hekto- 

liter weighs 102.58 k *? what when 3 l weigh 3077*? 

11. What is the specific gravity of a substance of which 

7.3 ccm weighs 81. 5«? 

12. If a cubic meter of sand weighs 1723**, what is its spe- 

cific gravity? If 3.4 cbra of gravel weigh 7.134 tons, 
what is the specific gravity ? 

13. If a cubic centimeter of metal weighs 7.3 g , what is its 

specific gravity? 

14. What is the specific gravity of a fluid weighing 2.317** 

to a liter ? 

15. If a body weigh 3.71** in air and 2.38** in water, what 

is its specific gravity ? 

16. A piece of ore weighing 3.77** weighs in water only 

2.53**. What is its specific gravity ? 
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17. How many cubic centimeters in a stone which loses 

17.8 g of its weight when weighed in water? What is 
its specific gravity if weighed in air it weighs 33.7* ? 

18. In a wrought-iron bottle I find 2.63 1 of quicksilver, 

weighing 35.81 k «; in another 2.59 1 , weighing 35.193 1 *; 
in a third, 2.61 7 1 , weighing 35.571** What is the 
specific gravity of each? What would be the spe- 
cific gravity if the three were emptied into one vessel 
and mixed ? 

19. A plate of iron 89 cm by H * by 7 cm weighs 79.43 1 * 

What is its specific gravity ? 

Exercise IX. 

1. If three men eat 8** a week, how much would one man 
eat at the same rate ? How much would seven men ? 
At the same rate, how much do the three men eat in 
one day ? and how much each man ? At the same 
rate, how much would seven men eat each day ? each 
week ? in 5 weeks ? 

% At the same rate, how much would 17 men eat in 3 
weeks and 4 days ? 

3. If one hektoliter of oats is enough for 5 horses one week, 

how much is enough for 1 horse one week? for 1 
horse 7 weeks? for 11 horses 17 weeks? 

4. If two hektoliters of grain are enough for 3 horses 5 

days, how much is enough for 3 horses 1 day ? for 1 
horse 1 day ? for 7 horses 6 days ? 

5. Mix 17 liters of vinegar, costing 6 cents a liter, with 

39 1 at 5 cents, 21 1 at 7 cents, and 13 1 of water costing 
nothing. Find the amount of the mixture, and its 
cost? 

6. For how much a liter must I sell that mixture, in order 

to gain 96 cents? for how much to clear $1.41? 
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7. A grocer sold 421 kegs of butter for $4995.25 ; 56 kegs 

brought $12.50 a keg; 91 brought $11.75 a keg; 
and 100 kegs brought $ 12.25 a keg. For how much 
a keg were the other kegs sold ? 

8. If 3 tons of coal cost $15.75, how many tons will 

$36.75 buy? 

9. If 5 m of cloth cost $18.75, what. should 7™ cost?" 

10. If a tap running 3.5 1 a minute fills a tub in 16 minutes, 

how long should a tap delivering 5 l a minute be in 
filling the same tub ? 

11. If both taps of the last example be opened at once, how 

soon will they fill the tub ? 

12. If 3 men can dig 378 m of ditch in 2 days, how long will 

it take 5 men, at.the same rate, to dig 787 m ? 

13. Into a tub which will hold 48 1 , one tap is delivering 

water at the rate of 3.7 1 a minute ; while out of it, by 
another tap, the water is running at 2.5 1 a minute. 
How long will it take to fill the tub, beginning with 
it empty ? 

14. A tap discharges into a tub 4.2 1 a minute ; from the tub 

water is also running, by a second tap ; the water in 
the tub gains 30 l in 18 minutes. How fast is the 
second tap discharging? 
16. If a wheel is 1.2 m across, how often will it turn in going 
one kilometer ? 

16. How many times in a minute does the wheel of the last 

example turn, when the carriage is driven 14 km an 
hour? 

17. What is the weight of the water in a tank if it would 

take a flow of 8.7 1 a minute 1 hour and 38 minutes 
to empty it ? 

18. Replace that bulk of water with oil worth $18.75 a 

hektoliter, and what will the contents of the tank be 
worth? 
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Exercise X. 

1. A train leaves Paris at 11 o'clock a.m., and reaches 

Lyons at 10 o'clock p.m. How many, meters does it 
travel in an hour, the distance from Paris to Lyons 
being 512. 7*"? 

2. A railroad has a single track 11.450 km long. How many 

rails 4.569 m in length did it require to lay the track ? 

3. A book is 2.1 cm in thickness ; each leaf is .05 mm thick. 

Find the number of pages in the book. 

4. The cost of opening a canal amounts to $25,400 a kilo- 

meter. How much would a canal cost which was 
113.253*° in length? 

5. The expense of laying out a paved road is $ 12,500 a 

kilometer. How much would a road cost which was 
72.053 km long ? . 

6. The cost of building a railroad is about $ 78,000 a kilo- 

meter in France, and only $25,000 in the United 
States. How much would it cost in each country to 
make a road 295.671 km long? 

7. If you must go up 211 steps to reach the top of a tower, 

and each step is 195 mm high, what is the height of 
the tower ? 

8. A house has 5 stories, each story has 19 stairs, each 

stair is IS** in height. Calculate how high the floor 
of the fifth story is from the ground. 

9. A ream of paper contains 20 Quires, each quire has 24 

sheets, the ream is 13.5 cm in thickness. Find the 
thickness of each sheet. 
10. The equator on a terrestrial globe measures .80°* in cir- 
cumference. By the aid of a tape-measure we find that 
the distance between two cities on this globe is .046 m . 
What is really the distance in kilometers between the 
two cities ? (The earth's equator is 40,075.45 km .) 
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11. Upon a military map we find that the distance from 

Paris to St. Denis is 78 mm . What is the distance in 
kilometers from Paris to St. Denis? The map is 
made on the scale of 1 to 80,000 ; that is, l m on the 
map represents 80,000 m of actual measurement upon f 
the ground. 

12. Give the number of revolutions made by the wheels 

of a carriage in travelling 82*°. The wheels are 
2354mm - n di ame ter. 

13. How many hektars in a square kilometer ? how many 

ars ? how many square meters ? 

14. France has about 542,000 qkm . How many hektars does 

it measure ? 

15. A piece of land 1224.5 m square is sold at $ 140 a hektar. 

How much does the land bring ? 

16. The total surface measurement of the glass in the win- 

dows of a house is 182 qm . How many panes of 53™* 
by 48"" will it take to supply the windows ? 

17. How many square slabs of marble 150**™ on the sur- 

face will it require to pave a court whose area is 
25.35 qm ? 

18. A speculator bought 31.0728 ha of land for $1,296 a 

hektar. For how much a square meter must he sell 
it to realize a profit of $ 1,937 ? 

19. A man is offered $6,000 for 2.5 ars of land. He de- 

clines to sell; and soon after, the town gives him 
$25.20 a square meter. How much did he make by 
refusing the first offer ? 

20. A man surveys a piece of land and finds that it meas- 

ures 14.071 5 h *. He afterwards discovers that his 
chain was too short by .03 m . How can he calculate 
the real superficial measurement of his land without 
surveying it again? (A surveyor's chain is 10 m 
long.) 
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2L The railroad from Paris to Orleans has a double track ;- 
'each rail is 4 m long, and the distance from Paris to 
Orleans is 12 1* 1 ". What is the number of rails used 
in laying the track ? The width of the road is 15 m ; 
how many hektars of land does the road include ? 

22. Calculate the number of ars in a surface which a ream 

of paper (480 sheets) will cover. The sheets are 30.3°" 
long and 195 mm wide. 

23. A pile of wood is 4.25 m long, 1.33 m thick, and 2.60™ 

high. How many sters are there in it ? 

24. A beam is 7.0 TO™ long ; its two other dimensions are 

.258 m and 87 mm . Find its volume. 

25. A bar of iron 3 m long measures 45 mm square on the end 

where it has been evenly cut. The bar is heated and 
drawn out to a greater length by being passed through 
an orifice 24 nun square. What is the length of the bar 
after the operation ? 

26. A reservoir is 1.50 m wide, 2.80" 1 long, and 1.25 m deep. 

Find how many liters it contains when full, and to 
what height it would be necessary to raise it that it 
might contain 10 cbm ? 

27. Suppose a box to be 3.75 m long, 3.50 m wide, and .SO" 1 

high. How much lime would it take to fill it with 
mortar, reckoning that l cbm of lime after being 
slaked becomes 1.80 cbm of mortar? 

28. A chest has the following dimensions: LIT™, .90"*, 

1.04 m . How many cakes of soap IS 6 ™ square on the 
bottom and 29 cm thick could be put in it? .12 of the 
volume of the chest must be deducted for packing. 

29. A cubic meter of dry plaster makes 1.18 cbm when tem- 

pered ; tempered plaster increases 1 in every 100, 
twenty-four hours after it is mixed. What volume 
of tempered plaster would be obtained from 55 sacks 
of 25 l each of dry plaster ? 
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s 2.80" long, 1.50- wide, and 1.25* deep. 
How many liters will be required to fill .80 of it ? 

3L A man buys 1415" of wheat for $3.50 a hektoliter; 
but the measure used proves too email, the mistake 
amounted to S' in every hektoliter. What was the 
quantity of wheat delivered to the purchaser, the 
cost, and the reduction which ought to be made to 
him on 'account of the error ? 

82. The dimensions of a tile are as follows : length 22™ 
width 11™, thickness 55"™. Find the volume of the 
tile, and the number of tiles in a pile of 25* bm . 




. The measurement of a pile of wood shows that a ster 
could be filled from it 25.68 times. Give the volume 
of the pile in cubic meters, reckoning the length of 
the logs to be 1.15™. 

Note. A ster is a frame, as represented in the diagram, 
one meter high and one meter between the upright posts. 
The ster may be filled with wood of any length, and the vol- 
ume will be as many cubic meters as the sticks of wood are 
meters long, 

A liter of air weighs 1.273*. How much does a cubic 
meter of air weigh ? 
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35. A package of candles which weighs 465 g is sold at 28 

cents. What is the price of a kilogram of candles ? 

36. How many times would 3.243* of water fill a liter ? 

37. Give the weight in kilograms of 43.4578 ccm of pure 

water. 

38. The volume of an engine's axletree is .245 cbm . Find its 

weight, the specific gravity of the iron being 7.8. 

39. Calculate the volume of a gram of the following sub- 

stances : proof spirit, specific gravity .865 ; tin, specific 
gravity 7.291 ; lead, specific gravity 11.35 ; copper, 
specific gravity 8.85 ; silver, specific gravity 10.47 ; 
cor.k, specific gravity .240. 

40. Olive oil costs 60 cents a kilogram. What is the price 

of a liter ? The specific gravity of olive oil is .914. 

41. Pure alcohol costs $1.87 a kilogram. What is the price 

of a liter? The specific gravity of alcohol is .792. 

42. A man wants to build a shed large enough to hold 135 gt 

of wood ; if the shed is to be 3 m high and 5 m wide, 
how long must it be ? 

43. In a country where fire-wood is cut 1.1 6 m long, what 

height must the sides of the ster be to hold a cubic 
meter? 

44. If a ster of cork costs $20.00, how much would 100** 

cost, the cork weighing one quarter as much as 
water? 

45. A liter of powder weighs 825 g . What would be the vol- 

ume of a charge for a gun if the charge weighed 5 g ? 
Calculate the volume in cubic centimeters. 

46. Out of gold which weighs 19.362 times as much as 

water, sheets of gold-foil are made which are .010 mm in 
thickness. What surface would 3 g of gold cover ? 

47. Find the weight of an oak board 3.25 m long, .31 m 

wide, and .04™ thick; the specific gravity of the oak 
being .808. 
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48. Find the weight of a bar of iron having the following 

dimensions: length 3.6 m , width G " 1 , thickness 2 cm ; 
the specific gravity of the iron being 7.8. 

49. How many lead balls each weighing 27* could be ob- 

tained by melting a mass of lead, cubic in form, the 
edge measuring .356 m , the specific gravity of the 
lead being 11.35? 

50. Marble costs $30.95 a cubic meter, and the specific 

gravity of marble is 2.73. If a block of marble 
weighs 1260**, what is its volume, and what is it 
worth? 
61. Sea-water contains 28 parts, by weight, of salt in 1000. 
A liter of sea- water weighs 1.025**. How many kilo- 
grams of salt could be obtained from 126.276842 cbm 
of sea- water? 

52. An empty cask weighs 17.06**; when filled with water 

it weighs 275.8**. How many liters 
does it hold? How many casks 
of this size would it require to re- 
ceive the wine from a vat contain- 
ing 3.008 cbm ? 

53. It takes about 204.8 1 of wheat to sow Catk * 

a hektar. How many cubic meters would it take to 
sow a square kilometer? 

54. A piece of road I*™ long and 7 m wide is to be macad- 

amized; the macadamizing is to be SS*" 1 deep; it 
costs 43 cents a cubic meter to prepare the stones. 
What will enough for the road cost ? 

65. A gasometer holds 28,000 cbm of gas. How many jets 
would this gasometer feed, when each jet burns 125 1 
an hour, and is used 4 hours every evening ? 

56. The city of Venice is situated in the midst of a great 
lake of salt water, communicating with the sea, and 
all the rain-water is caught for the cisterns. Ordi- 
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nary years the fall of rain in Venice is 82 cm ; the 
surface of the city, after the canals have been de- 
ducted, is 520 ha ; reckoning the population at 115,530, 
how many liters a day of rain-water could each in- 
habitant have ? 
67. Find the weight of a bar of iron 5.35 m long, 4.56 cm thick, 
and 3.54 cm wide. Find, also, the width of an oak 
beam 4.30 m long, 9.12 cm thick, which has the same 
weight. The specific gravity of the oak to be reck- 
oned at 1.026, that of the iron 7.788. 

58. Give the specific gravity and volume of a body weigh- 

ing 35** in air and 30 kg in water. 

59. A ster of piled oak wood weighs 425^; the specific 

gravity of the wood is .74. What is the volume 
occupied by the spaces between the logs ? For how 
much must 100 kg of separate sticks be sold in order 
to bring the same amount as when sold by the ster ; 
a ster selling for $2.20? 
GO. Wrought iron sells for $ 7.00 per 100 kg . A bar of iron 
4.5 cm wide, 3.3°" thick costs $5.08 ; what is its length, 
reckoning the specific gravity of the iron at 7.4 ? 

61. Experiment shows that water weighs 770 times as much 

as air; and the specific gravity of mercury, in com- 
parison with water, is 13.6. How many liters of air 
will it take to weigh as much as a liter of mercury ? 

62. A mass of lead weighing 753 kg is made into sheets .l™" 1 

thick. Calculate, in square meters, the surface which 
can be covered by the sheets thus obtained. The 
specific gravity of the lead is 11.3. 

63. A rectangular sheet of tin of uniform thickness is 85°° 

wide, 1.35 m long ; it weighs 268 g . What is its thick- 
ness, reckoning the specific gravity of tin at 7.3 ? 

64. The fine coal which collects about the shafts of the 

mines and in the coal-yards, was for a long time 
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wasted, because it could not be burned in stoves and 
grates. Now, this dust is mixed with tar in the pro- 
portion of 92** of dust and 8** of tar ; the mixture is 
heated, and afterwards pressed in rectangular moulds 
of 14.75™ 18.5 cm , and 29 cm ; each one of these blocks 
weighs 10**, they are sold at $3.00 a ton, and make 
excellent fuel for heating steam boilers. Give the spe- 
cific gravity of this fuel ; also, the sum which would 
be realized in thus utilizing 800,000* of coal dust, 
the cost of tar, mixing, etc., being $.50 a ton? 

65. A bar of iron a millimeter square on the end will break 

under a tension of 30**. Find the length at which a 
suspended bar of iron will break from its own weight, 
the specific gravity of the iron being 7.8 ? 

66. Fifty-three kilograms of starch are obtained from 100** 

of wheat. A hektar of land produces 1363 1 of wheat ; 
a hektoliter of wheat weighs 78**. If the wheat har- 
vested from a field measuring 2 ha and 33 qm is taken to 
a starch factory, how much starch will be made from 
it? 

67. A gardener wishes to provide glass for his hot-beds. 

The beds cover 2.65 a ; the panes will cover .75 of the 
whole surface, the rest being taken up by the frames 
and alleys. First, find how many panes measuring 
45 cm by 37 m it will take to cover the beds ; then 
find the price of the glass, at a cost of 95 cents a 
square meter. 

68. A jar full of water weighs 1.325** ; filled with mercury 

it weighs 12.540**. "What is the capacity of the jar, 
and its weight ? The specific gravity of the mercury 
is 13.59. 

69. A hektoliter of rape-seed weighs G3 kg , and 32 l of oil can 

be extracted from it. How many kilograms of the 
seed will it take to make a hektoliter of oil ? 
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70. Common burning gas is .97 of the weight of air, and a 

liter of air weighs 1.293 g . In a shop there are 65 
jets, each one of which burns 123 1 an hour, and is 
used 5 hours in the winter evenings. Calculate the 
weight of the gas used in a month, and the expense 
of lighting the shop, when gas costs 6 cents a cubic 
meter. 

71. A merchant buys one kind of wine at 30 cents a liter, 

another kind at 21 cents a liter ; he mixes the two 
kinds by putting 5 l of the first with 8 l of the second. 
For how much a liter must he sell the mixture in 
order to gain $3.75 a hektoliter? 

72. If it requires 360 tiles to drain an ar of land, what 

will it cost to drain 17.784 11 *, when the tiles cost $20 
a thousand, and the expense of laying is the same 
as the cost of the tiles ? 

73. It is found in building that hewn stone of medium dur- 

ability ought not to support, as a permanent weight, 
more than .07 of the weight that it would require to 
crush it. A certain kind of stone used for building 
will be crushed under a weight of 250** a square 
centimeter. What is the greatest height to which 
a wall constructed of, this material can be safely car- 
ried, the specific gravity of the stone being 2.1 ? 

74. Several different kinds of wine are mixed as follows : 

245 1 at 20 cents a liter, 547 1 at 15 cents a liter, 344 1 
at 25 cents a liter. How much does the mixture cost 
a liter ? 

75. A farmer wishes to drain a field of 8. 75**. Each hek- 

tar requires 750 m of ditches. The opening of these 
ditches costs 10 cents a running meter ; the tiles are 
30°* long and cost $ 15 a thousand. He pays 2 cents 
a meter for laying the tiles, and 4 cents a meter 
for filling the ditches. What is the cost of draining 
the field? 



CHAPTER X. 

MULTIPLES AND MEASURES OF NUMBERS. 

216. If one number can be divided by another number, 
without remainder, the divisor is called a factor, or measure, 
of the dividend, and the dividend a multiple of the divisor. 

Thus, 35 can be divided by 5 without remainder ; there- 
fore 5 is called a factor or measure, of 35, and 35 a 
multiple of 5. 

217. Numbers which can be divided, without remainder, 
only by themselves and 1, are called prime numbers. 

The smaller ones are easily found by trial, such as 2, 3, 
5, 7, 11, 13, 17, 19, 23, 29, 31, 37, etc. 

218. Other numbers are each the product of a fixed set 
of prime factors, and are called composite numbers. 

219. Numbers divisible by 2 are called even numbers. 
All other numbers are odd numbers. All primes (except 2) 
are odd. 

220. Write a series of natural numbers in order ; cancel 
the even ones ; then place a dot over the multiples of 3 : 
you produce this result : 

i, % a, & 5, a 7, & a, m u, x% is, #, ifc, etc. 

Each multiple of 6 has both the dot and the cancelling 
line, and the only numbers without the dot or line come 
just before or just after the multiples of 6. Therefore, 

If a prime number be divided by 6 the remainder must 
be either 1 or 5. 
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221. Find the prime factors of 72. 



2 


72 


2 


36 


2 


18 


3 


9 
3 


72 = 2x2x2x3x3, 


= 2 8 x 


3*. 



That is, 



Hence, to separate a composite number into its prime 
factors, 

Divide the given number by any prime number that, is 
contained in it without remainder, then the quotient by any 
prime number that is contained in it without remaindei\ and 
so on until the quotient is itself a prime number. The 
several divisors and the last quotient are the prime factors 
required. 

222. The following tests are very useful for determining 
without actual division whether a number contains certain 
factors : 

1. A number is divisible by 2 if its last digit is even. 

2. A number is divisible by 4 (2 2 ) if the number denoted 
by the last two digits is divisible by 4. 

3. A number is divisible by 8 (2 8 ) if the number denoted 
by the last three digits is divisible by 8. 

4. A number is divisible by' 3 if the sum of its digits is 
divisible by 3. 

5. A number is divisible by 9 (3 2 ) if the sum of its digits 
is divisible by 9. 

6. A number is divisible by 5 if its last digit is either 5 
orO. 
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7. A number is divisible by 25 (5 2 ) if the number denoted 
by the last two digits is divisible by 25. 

8. A number is divisible by 125 (5 s ) if the number de- 
noted by the last three digits is divisible by 125. 

9. A number is divisible by 6 if its last digit is even and 
the sum of its digits is divisible by 3. 

10. A number is divisible by 11 if the difference between 
the sum of the digits in the even places and the sum of the 
digits in the odd places is either or a multiple of 11. 

Note. The shortest method of dividing by 25 is to multiply by 
4 and divide by 100; by 125, is to multiply by 8 and divide by 1000. 

In adding the digits of a number to determine whether their sum 
is a multiple of a certain number, omit those digits which are seen at 
a glance to be multiples of the number. Thus, to discover whether 
8,933,107 is divisible by 3, omit 9, 3, 6 (8, 1), which are manifestly 
multiples of 3, and simply add 8 and 7. 

223. Other prime factors, 7, 13, 17, 19, sometimes betray 
their presence to one familiar with the subject ; but, prac- 
tically, the best way to detect them is to attempt to divide 
by them. 

224. If we divide any number less than 121 (ll 2 ) by 11, 
or by a number greater than 11, it is plain that the quotient 
is less than 11. 

If we divide any number between 121 and 143 (11 X 13) 
by 11, the quotient will evidently lie between 11 and 13 ; 
and, since there are no prime numbers between 11 and 
13, the quotient, if a whole number, must be composite, 
and contain factors smaller than 11. 

"What is thus proved of 11 and 13 is evidently true of 
any two adjacent prime numbers ; namely, that, excepting 
the second power of the smaller prime number, every com- 
posite number less than the product of two adjacent pri?ne 
numbers, contains prime factors less than the smaller of these 
two numbers. 
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Thus, every composite number less than 4087 (61 X 67), 
except 3721 (61 2 ), contains prime factors less than 61. 

225. From the preceding article, the value of the fol- 
lowing table, in discovering the prime factors of a given 
number, will be apparent. 



Primes . . 


7 


11 


13 


17 


19 


23 


29 


31 


37 


Powers . . 


49 


121 


169 


289 


301 


529 


841 


961 


1369 


Products . 


77 


143 


221 


323 


437 


607 


899 


1147 


1517 


Primes . . 


41 


43 


47 


53 


59 


61 


07 


71 


73 


Powers . . 


1681 


1849 


2209 


2809 


3481 


3721 


4489 


5041 


5329 


Products . 


1763 


2021 


2491 


3127 


3599 


4087 


4757 


"5183 


5767 


Primes . . 


79 


83 


89 


97 


101 


103 


107 


109 


113 


Powers . . 


6241 


6889 


7921 


9409 


10201 


10609 


11449 


11881 


12769 


Products . 


6557 


7387 


8633 


9797 


10403 


11021 


11663 


12317 


14351 



Opposite to " Powers " are placed the squares of the primes from 7 
to 109 ; and opposite to " Products " are placed the products of the 
successive pairs of adjacent primes from 7 to 113. 



2* 


610,764 


3 


152,691 


7 


50,897 


11 


7,271 



226, Find the prime factors of 610,764. 

As 64 is divisible by 4, but 764 is not divisible 
by 8, 2* is the highest power of 2 contained in 
610,764. 

As the sum of the digits 152,691 is divisible by 3 
but not by 9, 3 1 is the highest power of 3 contained 
in 152,691. 

The next quotient, 50,897, does not contain 5 ; but 
divided by 7 gives 7271. 7271 does not contain 7; 
but, since 7 + 7 - (2 + 1) = 11, it is divisible by 11. 

The quotient 661 when divided by 6 gives a remainder of 1, which 
shows that it may be a prime number. It cannot be divided by 11, 
13, 17, or 19, and is seen by the table to be less than 667 = (23 X 29), 
and not equal to 529 (23*); therefore it is a prime number. 
Thus, 610,764 = 2 8 x3x7xllX 661. 



661 
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Exercise XI. 



Find the prime factors of: 



L 148 

2. 210 

a 247 

4. 165 



264 
353 
327 
168 



178; 183; 173; 187; 346; 343; 
5280; 231; 31,416; 1369; 1368; 
179; 83; 2125; 2353; 2333; 
2148; 16,662; 321; 1551; 38; 



a 


326; 368; 


464; 


7. 


868; 999; 


822; 


a 


579; 577; 


212; 



6. 82; 129; 72; 66; 68; 65; 76; 86; 88; 142; 

292; 362; 365; 730; 42; 

1346; 7641; 6234; 234; 

126; 128; 8192; 8190; 
a 8197; 3125; 2401; 1331; 78,309; 25,179. 

227. A number is not only divisible by each of its prime 
factors, but by every possible combination of them. For 
example, 120 is 2 8 X 3 X 5, and is divisible either by 2, 4, 
8, 6, 12, 24, 30, 60, 10, 20, 40, or 15. 

228. The number 14.21 may be put in the form of 
1421 X .01 ; and be thus resolved into 7 2 X 29 X .01. But 
.01 is not properly a factor, it is a divisor ; it is the recip- 
rocal of 2 2 X 5 2 . Nevertheless, it is frequently of great 
practical advantage to separate mixed decimals, in this way, 
by first taking out the apparent factors .1, .01, .001, etc. 
Thus, the factors of 142.1 may be said to be 7, 7, 29, and 
.1 ; of 1.421, 7, 7, 29, and .001. 



Exercise XII. 

Find the prime factors of : 

1. 8.4; 7.6; 1.08; .144; .036; .037; 21.45; 

2. 14.6; 2.61; 21.2; 78.54; .5236; .00052; 

3. 8.67; 48.3; 99.99; 5.04; 1.485; .216; 

4. 34.87; 32.4; 5.115; 71.2; 2.993. 
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Geeatest Common Measure. 

229. The measures of 30 and 50 respectively are : 1, 2, 
3, 5, 6, 10, 15, 30 ; 1, 2, 5, 10, 25, 50. It will be seen that 
these two numbers have the measures 1, 2, 5, 10 in com- 
mon, and of these measures 10 is the greatest. 

230. The measures that two or more numbers have in 
common are called their common measures, and the greatest 
of these is called their Greatest Common Measure, which for 
the sake of brevity is indicated by the letters G. C. M. 

231. If two or more numbers have no common measure 
except unity, they are said to be prime to each other. Thus 
8 and 27 are prime to each other. 

232. The prime factors of 30 are 2, 3, 5. 
The prime factors of 50 are 2, 5 2 . 

The prime factors common to 30 and 50 are 2, 5. 
The G. C. M. of 20 and 30, namely 10, is 2 X 5. 
That is, 

The G. C. M. of two or more numbers consists of the prime 
factors common to the numbers, each prime factor having 
the lowest exponent that it has in any one of the numbers. 

233. Hence, to find the G. C. M. of two or more numbers, 
Separate the numbers into their prime factors. 

Select the lowest power of each factor that is common to 
the given numbers, and find the product of these powers. 

Find the G. C. M. of 108, 396, 1440. 



2* 
3* 


108 
27 


2* 
3» 


396 
99 


2 s 
2 2 
3* 


1440 
180 


3 


1-1 


45 



Hence, the G. C. M. = 2 2 X 3 2 , or 36. 
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234. The factors that are common to two or more num- 
bers may be taken out of the numbers simultaneously, as 
follows : 



2 2 



108 396 1440 



27 99 360 



3 11 40 

By the tests given in g 222, 4 (2 s ) is seen to be common to the num- 
bers, and 9 (3 s ) common to the resulting quotients ; the quotients 3, 
11, 40, have no common factor, therefore 2* and 3* are the only fac- 
tors common to the numbers. Hence, their G. C. M. is 2* x 3 s , or 36. 



Exercise XIII. 

Find the G. C. M. of 

1. 27 and 33. 7. 4, 6, 10. 13. 96, 36, 48. 

2. 13 and 39. 8. 9, 12, 21. 14. 84, 105, 63. 

3. 8 and 28. 9. 10, 15, 25. 15. 24, 60, 84, 128. 

4. 27 and 45. 10. 14, 98, 42. 16. 45, 81, 27, 90. 

5. 81 and 108. 11. 30, 18, 54. 17. 78, 18, 54, 42. 

6. 4, 10, 12. 12. 14, 56, 42. 18. 98, 28, 70, 42. 

19. 96, 112, 80, 32. 23. 252, 315, 420, 504. 

20. 24, 96, 48, 120. 24. 128, 192, 320, 368, 432. 

21. 84, 252, 168, 210. 25. 136, 204, 357, 459. 

22. 33, 88, 77, 55. 26. 909, 1414, 2323, 4242. 

235. When it is required to find the G. C. M. of two or 
more numbers which cannot readily be resolved into fac- 
tors, the method to be employed is as follows : 
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Find the G. C. M. of 18 and 48. 

18)48(2 
36 

12)18 (l 
12 

"6)12(2 
12 
6 is the G. C. M. required. 

This method depends upon two principles : m 

1. That every factor of a number is also a factor of every multiple 
of that number. Thus 4, which is a factor of 12, is a factor also of 
24, 36, etc. 

2. That any common factor of two numbers is also a factor of 
their sum and of their difference. Thus 4, which is a common factor 
of 24 and 36, is also a factor of 60 and 12. 

Apply these principles to this example : 

Since 6 is a factor of itself and of 12, it is, by (2), a factor of 18. 

Since 6 is a factor of 18, it is, by (1), a factor of 2 x 18, or 36 ; 
and therefore, by (2), it is a factor of 36 + 12, or 48. 

Hence, 6 is a common factor of 18 and 48. 

Again, every common factor of 18 and 48 is, by (1), a factor of 
2 X 18, or 36 ; and, by (2), a factor of 48 - 36, or 12. 

Every such factor, being now a common factor of 18 and 12 is, by 
(2), a factor of 18 - 12, or 6. 

Therefore, the greatest common factor of 18 and 48 is contained in 
6, and cannot be greater than 6. And 6, which has been shown to 
be a common factor of 18 and 48, must be their G. C. M. 

236. It will be seen that every remainder in the course 
of the operation contains, as a factor of itself, the G. C. M. 
sought ; and that this is the greatest factor common to that 
remainder and the preceding divisor. 

Therefore, a factor which is discovered, at any stage of 
the process, to belong to one of the numbers and not to the 
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other, may be ejected ; and a factor which is discovered, at 
any stage of the process, to belong to both numbers, may 
be taken out and reserved as a factor of the G. C. M. 

(1) Find the G. C. M. of 11,237 and 12,559. 

11237)12559(1 
11237 

2) 1322 

~66l)ll237(l7 
661 

4627 
4627 
Hence, the G. C. M. is 661. 

The factor 2 is thrown out of the first remainder 1322, for it is not 
contained in 11,237, and therefore is not a factor of the G. C. M. 
sought. 

(2) Find the G. C. M. of 269,178 and 352,002. 

6 1 269178 352002 
44863 ) 58667(1 
44863 
4 )13804 

3451)44863(13 
3451 
10353 
10353 
Hence, the G. C. M. is 6 X 3451. 

The common factor 6 is first taken out from both numbers. From 
the remainder 13,804 the factor 4, which is prime to 44,863, is ejected. 
The resulting number 3451 is contained exactly in 44,863, and there- 
fore the G. C. M. is 6 X 3451. 
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Exercise XIV. 
Find the G. C. M. of 

v 1. 2,479 and 3,589. 11. 44,323 and 61,087. 

2. 3,045 and 6,195. 12. 232,353 and 39,699. 

3. 568 and 712. 13. 33,853 and 35,017. 

4. 11,023 and 6,493. 14. 5,115 and 7,254. 

5. 1,485 and 2,160. 15. 2,268 and 3,348. 
a 7,040 and 7,392. 16. 1,003 and 2,419. 
7. 2,760 and 4,485. 17. 419 and 52,301. 

a 1,177 and 2,675. 1& 30,072 and 133,784. 

9. 78,473 and 94,653. 19. 4,257 and 10,836. 

10. 35,143 and 10,283. 20. 17,104 and 27,794. 

237. To find the G. C. M. of several large numbers : 

Find the G. C. M. of two of the numbers ; then of that 
result and a third number ; then of that result and a fourth ; 
and so on. The last G. C. M. is the one required. 

The work can generally be very much shortened by removing from 
each of the numbers all factors less than 13. Of these, the factors 
common to the numbers must be retained as factors of the G. C. M. 

Find the G. C. M. of 3555, 4977, and 6636. 

3 (3555 4977 6636 . ^- * 

5 )1185 3 )1659 4 )2212 

3 )237 7 )553 7 )553 

79 79 79 

Hence, the G. 0. M. is 3 X 79, or 237. 

The common factor 3 is first taken out and reserved as a factor of 
the G. C. M. From the resulting quotients the factors less than 13 
are removed, and 79 is found to be common to the numbers. Hence, 
their G. C. M. is 3 x 79. 



/ 
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Exercise XV. 
Find the G. C. M. of 

1. 855, 1,197, 1,596. 6. 1,177, 1,391, 1,819. 

2. 3,864, 3,404, 3,657. 6. 4,939, 1,347, 3,143.' 

3. 15,561, 11,115, 13,585. 7. 740, 333, 296. 

4. 2,943, 2,616, 4,578. 8. 833, 1,785, 1,309. 

9. 7,326, 8,547, 9,768, 22,755. 
10. 4,994, 7,491, 9,988, 12,485, 16,571. 

Least Common Multiple. 

238. The multiples of 2 are 2, 4, 6, 8, 10, 12, 14, 16, 18, 
etc. 

The multiples of 3 are 3, 6, 9, 12, 15, 18, etc. 
The multiples common to 2 and 3 are seen to be 6, 12, 
18, etc. ; and of these, 6 is the least. 

239. The multiples that two or more numbers have in 
common are called their common multiples, and the least 
of these is called their Least Common Multiple, which is in- 
dicated by the letters L. C. M. 

Find the L. C. M. of 7, 8, 9, 10. 

The L. C. M. of 7, 8, 9, 10 must contain the factor 7, else 
it would not be a multiple of 7. It must also contain 2 s to 
be a multiple of 8, and 3 2 to be a multiple of 9. It must 
contain the factors 2 and 5 to be a multiple of 10. That is, 
the L. C. M. of 7, 8, 9, 10, must contain the factors 7, 2*, 3* 
and 5 ; therefore it is 7 X 2 s X 3* X 5, or 2520. Hence, 

240. To find the L. C. M. of two or more numbers : 

Separate each number into its prime factors. 
Select from these the highest power of each. 
Find the product of these powers. 
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Find the L. 0. M. of 14, 18, 21, 27, 28, 126. 

14 = 2x7, 
18 = 2 x 3 2 , 
21 = 3x7, 

27 = 3 8 , 

28 = 2 2 x 7, 
126 = 2x3 2 x7. 

Hence, the L. C. M. = 2 2 x 3 8 x 7 = 756. 



241. The L. C. M. of 14, 18, 21, 27, 28, 126, may be 
found as follows : 



2 
3 
3 



w # 


%l 27 


28 


126 




27 


14 


63 




27 


1 


63 




9 




21 



Hence, the L. C. M. = 2 2 X 3 8 X 7, or 756. 

Since 14 is contained in 28, it is omitted, for any multiple of 28 
is also a multiple of 14. Likewise 18, which is contained in 126, and 
21, which is also contained in 126, are omitted. 

The even numbers are divided by 2; the quotients and the odd 
numbers are written below the horizontal line. 

The operation of dividing by 2 is repeated ; the quotients and the 
odd numbers are written below. 

Of the resulting numbers (27, 7, 63) 7, which is contained in 63, is 
omitted, and division by 3 gives the quotients 9 and 21. 

The second division by 3 gives the quotients 3 and 7, which are 
seen to be prime to each other. 

By this process the prime factors of each of the given numbers 
are obtained as divisors or as last quotients ; therefore, the product 
of the divisors and last quotients is the L. C. M. required. 
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Exercise XVI. 

Find the L. C. M. of 

1. 6,14,21. 28. 30,42,105,70. 

2. 8, 12, 3, 24. 27. 36, 24, 35, 20. 

3. 6, 10, 15, 28. 7, 11, 14, 15. 

4. 9, 12, 18, 4. 29. 12, 18, 27, 63, 28. 

5. 15,21,35. 30. 34,26,65,85,51,39. 
a 12, 20, 24. SL 12, 18, 96, 144. 

7. 14, 24, 28. 32. 84, 156, 63, 99. 

a 12, 15, 20. 33. 17, 51, 119, 210. 

9. 16, 24, 32. 34. 16, 30, 48, 56, 72. 

10. 21, 33, 77. 35. 27, 33, 54, 69, 132. 

11. 27, 33, 99. 36. 15, 26, 39, 65, 180. 

12. 7, 11, 13. 37. 44, 126, 198, 280, 330. 

13. 77, 55, 35. 38. 50, 338, 675, 975. 

14. 16, 18, 27, 72. 39. 552, 575, 920. 

16. 10,12,22,33,60. 40. 228,304,342. 
ia 15, 16, 18, 20, 22, 24. 41. 1,080 and 1,260. 

17. 56, 64, 70, 84, 112. 42. 600 and 480. 

ia 48, 54, 81, 144, 162. 4a 1,564 and 1,932. 

19. 75, 100, 120, 150, 180. 44. 2,530 and 1,760. 

20. 112, 168, 196, 224. 45. 936 and 2,925. 

21. 7, 14, 15, 21, 45. 4a 3,432 and 4,032. 

22. 16, 25, 81. 47. 1,875 and 2,425. 

23. 26, 39, 52, 65. 48. 1,632 and 2,976. 

24. 80, 72, 225, 48. 49. 1,001 and 2,233. 

25. 10,20,30,40,50,60. 50. 539 and 1,463. 

242. If the given numbers are large and contain no prime 
factors that can readily be detected, it is best to obtain the 
common factors by the process for finding the G. C. M. un- 
der like circumstances. 



J 
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• Find the L. 0. M. of 1247 and 1769. 



1247)1769(1 


1247 


2 


522 


9 


261 


29)1247(43 


116 


87 




87 



Hence, the G. C. M. = 29 ; and 1247 = 29 X 43, 

also 1769 = 29x61. 
.-. the L. 0. M. = 29 X 43 x 61 = 1247 x 61 = 76,067. 

243 ( From this process it will be seen that : 

The L. C. M. of two numbers may be found by dividing 

one of the numbers by their G. 0. M. and multiplying the 

quotient by the other number. 

The L. C. M. of two prime numbers, or of two numbers 

prime to each other, is their product. 

Exercise XVII. 
Find the L. 0. M. of 

1. 424 and 583. 11. 3,864,3,404,3,657. 

2. 319 and 407. 12. 539 and 253. 

3. 1,679 and 1,932. 13. 2,943, 2,616, 4,578. 

4. 1,003 and 2,419. 14. 2,863 and 1,151. 

5. 1,003 and 1,357. 15. 1,177, 1,391, 1,819. 

6. 899 and 961. 16. 5,317 and 2,863. 

7. 407, 703, 444. 17. 12,703 and 12,879. 
a 411, 959, 2,055. 18. 23,309 and 10,753. 
9. 221 and 351. 19. 4,939 and 3,143. 

10. 1,426 and 989. 20. 4,199 and 6,137. 



CHAPTER XI. 

COMMON FRACTIONS. 

244. Instead of dividing the unit into 10 equal parts, 100 
equal parts, and so on, it is often more convenient to divide 
it into halves, thirds, quarters, or other equal parts. These 
are called common fractions. 

a \ 1 



I) E F 



245. If a line AB be divided into 5 equal parts, at the 
points C, D, E, and F, the parts AC, AD, AE, and AF 
are fractions of the whole, being respectively one-fifth, two- 
fifths, three-fifths, four-fifths of the whole line, and are 
written \, \, f , £ . 

246. The expression £ means : 

I. 4 of the parts when 1 unit has been divided into 5 
equal parts. 

II. £ of 4 units; for if four units be divided into 5 
equal parts, one of these parts will be four times as great 
as one of the parts obtained by dividing one unit into 5 
equal parts ; that is, will be equal to £ of one unit. 

III. The quotient of 4 divided by 5. 

247. In the fraction £, the lower figure shows into how 
many equal parts the whole has been divided, and is there- 
fore a divisor. 

But since it shows the number of parts into which the 
whole has been divided, it shows the name of each part, 
and is therefore called the denominator. 
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The upper figure shows how many of these parts are 
taken, and is therefore called the numerator.* 

248. It will be observed that a figure written above the 
line serves a very different purpose from that of a figure 
written below the line. A figure written above the line 
denotes number, a figure below the line, name. 

249. The expressions £, $, f , f , £, £, tf t are read one- 
half, two-thirds, three-fourths, three-fifths, one-sixth, four- 
sevenths, seventeen twenty-firsts. 

In like manner, all other fractions are read by reading 
first the numerator, and then the denominator as an ordi- 
nal, with an s added if the numerator is more than one. 

Read : 

A» A» if > TlHhr> i£r> tt» if i i%> If i H» fi> ii> t^> A- 

250. The numerator and denominator are called the 
terms of a fraction. 

251. A proper fraction is one of which the numerator is 
less than the denominator ; as -J-. 

252. An improper fraction is one of which the numerator 

equals or exceeds the denominator ; as ^-, ^. 

It is obvious that when the numerator is greater than the denomi- 
nator, more" than one unit must he regarded as divided into parts; 
thus, f $ means that three units have been divided each into thirteen 
equal parts, and that all the parts of two units and three parts of the 
third are taken. 

253. A mixed number is an expression consisting of a 

whole number and a fraction ; as 5f . 

It means that some entire units are taken, and a fraction of another 
unit. 



* Numerator and denominator are derived from the Latin numerare, to 
count, and denominate, to name. 
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254. An improper fraction represents a quantity which 
can also be represented by a whole number, or else by a 
mixed number. Thus, ty = 2f . 

For, if we suppose several units to be divided each into seven equal 
parts, and we take 17 of these parts, 14 (that is, 2x7) will make two 
units, and the three parts remaining will be three-sevenths of another 
unit. 

255. To reduce an improper fraction to a whole or mixed 
number, 

Divide the numerator by the denominator. 

The quotient will be the whole number, and the remainder, if 
there be any, will be the numerator of the fractional part, of which 
•the denominator is the same as the denominator of the improper 
fraction. 

Exercise XVIII. 

Reduce to whole or mixed numbers : 
!. J^L. 4. J^. 7. ^. 10. 4#^. 13. W- 

a. V- * W- 9. if|i 12. w- »• jL tF- 

256. A whole number, or a mixed number, represents a 
quantity which can also be represented by an improper 
fraction. Thus, 5^- = ff. 

For each unit contains 13 thirteenths; therefore 5 units contain 
5 x 13, or 65, thirteenths ; which, together with the 7 thirteenths, make 
72 thirteenths. Therefore, 

267. To reduce a mixed number to an improper fraction, 
Multiply the whole number by the denominator of the 

fraction^ and to the product add the numerator ; under this 

sum write the denominator. 
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258. A whole number may be expressed as a fraction 
with any given denominator. Thus, 7 = ^. 

For, as each unit contains 9 ninths, 7 units contain 7x9 ninths, 
that is, 63 ninths. 

A whole number may be written in a fractional form 
with 1 for a denominator. Thus, 4 = \. 

Exercise XIX. 
Reduce to improper fractions : 

1. 8f 4. 10ft- 7. 84tf. 10. 41 T7r fo nr . 

2. 5ft. 5. 8f 8. 864£f 11. 400^. 

3. 12ft. 6. 12if. 9. 41^. 12. 500(V$for. 

13. 10,000|f 14. 3001ftV 15 - 73^f. 

16. Express 8, 7, 3, 5, 12, 13, 18, 20, 25 in the form of 

fractions, each having 5 for a denominator. 

17. Express 21 in the form of fractions, having for denomi- 

nators 3, 5, 7, 8,' 12, 13, 20, 25, 30, 37. 

18. Express 12, 15, 23 in the form of fractions each having 

for denominators 12, 15, 23, respectively. 

259. If the numerator and denominator of a fraction be 
both multiplied or both divided by the same number, the 
value of the fraction is not altered. 

A 1 i i I i i 1 i i 1 J__ L_[ .. I I I B 

C D E F 

s 

Thus, if the line AB be divided into 5 equal parts at the 
points C, D, F, and F, then AFis £ of AB. (1) 

Now, if each of the parts be subdivided into 3 equal 
parts, AB will contain 15 of theSe subdivisions, and AF 
12 of these subdivisions. 

Therefore, ^i^is jf of AB. (2) 

Comparing (1) and (2), |£ = f. Therefore, 
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260. To reduce a fraction to lower terms, 
Divide the numerator and denominator by any common 
factor. 

A fraction is expressed in its lowest terms when both the numer- 
atoi and denominator are divided by the greatest common divisor. 

(1) Keduce f|£ to its lowest terms. 

the common divisors used being 9, 4, and 3. 

(2) Reduce \IH to its lowest terms. 

Since no common factor can be readily detected, we find the G. C. M. 

thus : 

1261 ) 1649 ( 1 

1261 



4 388 



97) 1261 ( 13 
1261 

Divide 1261 and 1649 each by 97, their G. C. M. 
Then, Hf i = If 

Exercise XX. 
Reduce to lowest terms : 

i- Hi- 7 - tttt- 13 - *Hi w - ^WV- as- mi 

2- m- 8. tfffg. 14. ^WV 20. VW&- 26. HMf- 

3- tfh- 9- Htt- 16 - HH- 21. tttff 27. \mi- 

4- HM- W- tW*- 16- tWt- 22. Hm- 2a fftttf . 

**• 6561* **• T3TTF* ^' 4140* ^ 6l08?- 29* d d Add* 

e. tttt- » tW*- 18 - Htt- 24. vyft. 30. -HttH- 

Multiplication or Fractions. 

261. 4x2 dollars = 8 dollars. 
4x2 sevenths = 8 sevenths. 

If two like quantities are taken 4 times, the result will 
be 4 times 2 of the same quantities. 

f X 14 means f of 14, which equals 4. Therefore, 
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262. To find the product of a whole number and a 
fraction, 

Find the product of the numerator and whole number \ 
and divide the result by the denominator. 

A factor common to the whole number and the denominator of 
the fraction may be cancelled. For, cancelling a factor common to 
the whole number and the denominator of the fraction before the 
multiplication, is evidently equivalent to dividing the numerator and 
denominator of the resulting fraction by that factor after the multi- 
plication. Which may be done by §§ 259, 260. 

Exercise XXI. 
Find the product of : 



1. 


|X2. 


6. 16 Xf. 


ii. Mx3. 


16. 8 X If. 


2. 


|X9. 


7. | X 2. 


12. H X 4. 


17. |$ X 10. 


3. 


10 xf 


&AX5. 


13. 5 X |f . 


18. |f X 12. 


4. 


15 xf 


9. 27 X f 


14. 6 x if. 


19. |$ X 15. 


5. 


*X7. 


10. U X 2. 


16. 7x|f 


2ft |$ X 20. 



263. To find the value of a fraction of a fraction ; or, 
To multiply a fraction by a fraction : 

Multiply | by J. 

a \ i i 1 i i I i i 1 i i I i i I ft 
C D E F 

$ multiplied by $ means $ of 4. 

If the line A B be divided into 5 equal parts at the points 
C, B, E, and F, AF will be £ of AB. 

Now, if each part be subdivided into three equal parts, 
there will evidently be 15 such parts in the whole line, and 
each part will be -fe of the line. 

That is, \ of £ is -^ of the whole. 

i of | will be ^ + ^ + ^ + ^, or ^ of the whole. 

And ■} of £ will be twice -fe, that is, -^ of the whole. 
Therefore, 
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264. To multiply a fraction by a fraction, 

Find the product of the numerators for the numerator of 
the product, and of the denominators for the denominator 
of the product. 

Mixed numbers must first be reduced to improper fractions. 
Any factor common to a numerator and denominator should be 
cancelled before the multiplication. 

* 9 ? 

&< w n H* 

? I 7 

2 

12 and 16 contain a common factor, 4, which is cancelled ; 

3 (the quotient of 12 by 4) and 21 contain a common factor, 3 ; 

45 and 25 the common factor 5 ; 

5 and 10 the common factor 5 ; 

finally, 2 and 4, the common factor 2 ; and the common factors are 
all cancelled. 

There remains in the numerator 9 ; and in the denominator 2x7, 
from which is obtained the simple fraction T 9 ¥ . 

Exercise XXII. 
Simplify : 

1. | of -&. a f of f 5. 4$ X 2f 7. \ of \ of 10. 

% \ of 2ft. 4. 2| X 2$. 6. 4$ X 9£. 8. | of f of $. 

9. *X$X*of4£. 14. i of^offtofSf 

10. $of4£. 15. ^X|fX}|X^. 

11. i of ft of $ of | of \ of 15f. 16. HXl^X W 

12. 5|X8|. 17. f X -B£xf|Xl7. 

13. £x*xftx7f ia ff X f*xf$xlH. 

19. £ of | of | of | of | of f of $ of | of ft of 10. 
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20. ^ of ^- of 30. 27. 2fxlfxl|fx8. 

21. H*x^&xi|xl$. » 3$ of 2£ of Lfr of 1^- 
22- iXfxAx|of|of|of8. 29. Hx5ix4^X^X5. 
23. ^offftof^. 30. lof^X^X^oflH- 
24 AX ^ X ||X 48. 31. tf *tf "IB- 

26- it of & of |f of 12. 32. f|£ X |#X#ft. 

28. If of 4* Off. 33. #£$of#&of«£f. 

Division of Fractions. 

265. The reciprocal of a number is 1 divided by the 
number ; thus, the reciprocal of 4 is t, for 4 X i = 1. 

The reciprocal of a fraction is the fraction with its terms 
interchanged ; thus, -J- is the reciprocal of •}, for £ X $ = 1. 

266. Multiplying by the reciprocal of a number is the 
same as dividing by the number. See § 162. Therefore, 

To divide by a whole number or a fraction, 

Multiply by its reciprocal. 

Thufl: | + 4 = |<rf| = |x* = A; 

Mixed numbers must first be reduced to improper fractions, 

EXEEOISE XXIII. 
Divide : 

1. f£by6. a « by | 1L 6f by 9 J. 

2. ft by 5. 7. If by 3*. 13. 8} by 4£. 

3. f by8. a 5£by4£ 13. 3f by#. 

4. 18} by 7. 9. 8} by 4f 14. 4$ by 6f . 

5. | by f . 10. 7| by 4f 15. 5 by 4f 
ia 3$ of 2% by 1£ of 2f 18. 2^- of 5£ by 7f . 

17. 2f by 3| of 1^. 19. 5f of 8J of 1$ by 2^ of 5f 
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Least Common Denominator. 

267. To reduce fractions to equivalent fractions having 
the least common denominator : 

Reduce ■}, £ , $ to equivalent fractions having the least 
common denominator. 

The L. C. M. of 3, 4, 6 = 12. 

If both terms of } be multiplied by 4, the value of the fraction 
will not be altered, but the form will be changed to ^. 

If both terms of } be multiplied by 3, the equivalent fraction will 
be J5f. 

And if both terms of J be multiplied by 2, the equivalent fraction 
will be J|. 

The multipliers, 4, 3, and 2, are obtained by dividing the L. C. M. 
of the denominators, 12, by the respective denominators of the given 
fractions. Therefore, 

268. To reduce fractions to equivalent fractions having 
the least common denominator : 

Find the L. C. M. of the denominators. 

Divide the L. C. M. by the denominator of each fraction. 

Multiply the first numerator by the first quotient, the sec- 
ond numerator by the second quotient, and so on. 

The products will be the numerators of the equivalent 
fractions. 

The L. C. M. of the given denominators will be the denom- 
inator of each of the equivalent fractions. 

Reduce f , -J, \\ to equivalent fractions having the least 
common denominator (L. C. D.). 

4 = 2 s , 
8 = 2*, 
12 = 2 2 X 3. 

Hence, the L. C. D. = 2 s X 3, or 24. 
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4=tt. 

and ji = £f. 

The result may be written as follows : 

18 21 22 
24 

By this operation the parts represented by the given fractions 
have been subdivided into smaller parts all of one size, and the numer- 
ators of the resulting fractions show the number of these smaller parts 
contained in the given fractions. Thus, the quantities denoted by f , 
{, and || are each subdivided into 24ths of the unit, and contain re- 
spectively 18, 21, and 22 of these subdivisions. 

269. Fractions may be compared by first reducing them 
to equivalent fractions having a common denominator. 

Determine the greater of the fractions £ and -J^-. 
In this case the least common denominator is 112. 

Hence, $ = ^, 

.*. ^ is greater than -J-J-. 

Exercise XXIV. 
Express with least common denominator : 

i. h l f 3. 1 1, a, if. 5. h, tf , h, «. m 

& $ i T» h A- *• TT> A' A» A- *>. i i A* TTfr> A' "W- 

"*• t£» IT' Ta' #$> 54* 

8. Which is the greater, £$ or ££ ? $ or # ? £ or ^ ? 

9. Arrange the fractions -j 3 ^, -}-^, ^f in order of magnitude. 

10. Arrange the fractions -j^, -j^, -j*j-, -j 2 ^ in order of magni- 
tude. 
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Addition of Fractions. 

Find the sum of f , $ , £, ^. 

4 = 2*, 
6 = 2x3, 
9 = 3 s , 
12 = 2 2 x 3. 

Hence, the L. C. D. = 2 2 x 3 2 = 36. 

270. Therefore, to add fractions : 

Reduce the fractions to equivalent fractions having the 
least common denominator. 

Add the numerators of the equivalent fractions. 
Write the result over the least common denominator. 

Find the sum of 4J-fc, 2^, 5^. 

20 = 2" x 5, 
15 = 3 X 5, 
12 = 2*x3. 

Hence, the L. C. D. = 2* X 3 X 5 = 60. 

= 111*, 

=im 

If any of the terms are integers, or mixed numbers, add together 
separately the integers and the fractions, and find the sum of the 
results. 
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Exercise XXV. 
Find the sum of: 

1. f + f 6.3f + |. 11. f+f 

* i + i + f 7 - 2f + 3f 12. f + f. 

3 - i+i+i s. if + f 13. f+f. 

4. If + 2f. 9. ft + fr + tf + ft. 14. ^ + ff. 

6. If + 2f. 10. 8^ + 6^ + 5^+11- 15. A + tt- 

16. 12f + 7A. 18- i + i + i + i- 

17. 85-fr + 27ff. 19- i+t+*+f 

20. * + ff + A + A + H- 

21. 6ff + llff + 24|f + ^ + 17A + 14 + HA- 

22. 9* + 16ff + 163ff + Iff + 10f. 

23. 3f + 4f+l£ + 2. 26.4f + 3f + 2^ + lf + ^. 

24. 1^ + 2^ + 5^ + ^. 27. ff + £ + lo + ft. 

26. ^ + lf + 2 + 3f + 4^. 28. U + U + to + M + M*- 
29- 2 + f+lf + 4f + 5f|. 

30. 8f + 6 + A + 2A + 5A + A- 
31- A + A + 8tf + l« + 2At. 

82. A + A + 9f 34. ff + ff + ff. 

33. 20^+ll^ + 5f + 305. 36. ^y + ff + ff + H- 

86. 817f + 17A + 4A + A+6f + A- 

87. 4A + 8A + 4A + 5^ + 5f + }. 

39. 4A+7A + 5tt + 275AV + 2tt- 
«• M + 7A + 6A + 400A + 51ff- 
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SXTBTEACTION OF FRACTIONS. 

(1) From £i take ft. 

24 = 2 s X 3, 
18 = 2 X 3*. 

Hence, the L. C. D. = 2 s X 3* = 72. 

27L Therefore, to subtract one fraction from another : 

Reduce the fractions to equivalent fractions having the 
hast common denominator. 

Subtract the numerator of the subtrahend from the numer- 
ator of the minuend. 

Write the result over the least common denominator. 

(2) Subtract 3^ from 4ffc. 

24 = 2 8 x3, 
15 = 3 x 5. 

Hence, the L. C. D. = 2» X 3 X 5 = 120. 

If the terms are mixed numbers, subtract separately the integers 
and the fractions, and unite the results. 

(3) Subtract 2$ from 5ft. 

6A- 2J = 81^^ = 21^1 = 2^1. Ans. 

The difference between 5^ and 2J is V*f£±. 
Since jj cannot be subtracted from JJ, 1 is taken from 3 and added 
to J$, making f f . 

(4) From 8 take 2f£. 

7«-2H = 61^1 = 6ft. Ans. 
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Exeecise XXVI. 
Find the value of : 

1. 52J--46. 16. 7$-4f 29. 4 — IffH- 

2. | - f 16. 6| - 2f . 30. 1473 - 279ft- 

3. f-|. 17. 9|-4f 31. 1473&- 279ft. 
4- A -A- M.4f-i. 32. 1473^- 279ft. 

e - h - A- i9 - 6 t - *!• **• 278 h - 30 A- 

6. 4 - $. 20. 7£ - 2£. 34. 12&& - 10ft. 

7. 7-f 21. 8|-4f 36. 118^-17^. 

8. 3-f. 22-. 85^ -27ft. 36. 94^ -91ft. 

9. 8-f 23. 8^-2ft. 37. 7^--2ft. 

10. 5-f 24. 10-3|. 38. |ft-ft. 

11. 6-f 26. 120ft- 110ft. 39. ft-T%. 

12. 6J-H- 26. 5ft— ft. 40. &-^fr. 

13. 4} - 8f 27. 18* - 2ft. 41. ftj - {ff. 

14. 1\-2ff. 28. 2ftt-lftf 42. fft-ft*. 

Plus and Minus Terms. 
Simplify 5*-4f + 3$-2*. 

6*+8» = ^W = 8ft = 9* , 
4f + 2* = 6ii^ = 6ft = 7*, 
and 9* - 7* = 2^*- = 2*. 

272. Hence, to simplify an expression consisting of plus 
and minus terms, 

Subtract the sum of the minus terms from the sum of the 
plus terms. 



r. 
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Exercise XXVII. 
Simplify : 

1. 31-21 + 4^+1^-5^. 

3. 12-3f-lA-4A + 2«- 4 i 

4. 43^-ii-iii-iM-2H- 2 A- 2 4f- 3 A- 

«• * + A + ?A + 8tt+H + 8A + 4 A- 36 A 

6. (8A + l^ + 17« + 40)-(30if + lltt). 

7. (172f| + 93^) + (172+f - 9S^V). 

8. (172H + 93^) -(172+f -93^). 
•• (A— A) + (A + t*t)- 

io. *-A-2f+ 3 t+ 7 A-if-A- 

U- A — T$T ~~ i 0*00 — TTTTT- 

12. 9f-7-f-£ 

13. 5| + 8i-lf-4^. 

14. 6i-5| + 4i-4A- 

US. 14A + 9|-6i-12|-8|. 

16. 20|-2|-9f+10A-14A. 

17. 95|- 9^-8* -14^ + 74$. 

ia 12f + 28#-(4A + 12f+7H). 

19. 16A+18A-(H + 9A+14A)- 

20. 97| - (20 + 9} + 18A + 244$. 

21. 2+| + 8H-(l« + lH + tt)- 

22. m+W*-AWA- 
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Complex Fractions. 

273. A complex fraction is one which has a fraction in 
the numerator or in the denominator, or in both. 

274. The simplest meaning to give to a complex fraction 
is that of an indicated division. Hence, 

To simplify a complex fraction, 

Divide the numerator by the dencrmiriator. 

(1) 3J =r l?^ 20 _l? x l__19 
W 20 5 ' ^ U ~5 X 20~100' 

(2 ) 2| = 1^34 = ;rr 7 = _7 
v J 4 7 6*7 6 A H 12* 

(3) MziM 

Q 2_ 1 5 = 6-5 = 1. x 5 x l 20-3 17. 
^3 9 l 9 V 6 8 24 24* 

8 
ll_.ll_10 ^f_80_ 1 2? . 

9 ' 24~ 9 X 17 — 51 61- 
3 

A complex fraction may be simplified by multiplying both its 
terms by the smallest number that will make them integral. This 
multiplier will always be the L. C. M. of the denominators of the 
fractions contained in the terms of the given fraction. 

,a>> 4j - 3j - 2| + 1 A _ 86 - 63 - 42 + 25 _ 6 1 
( } 3$_2f + 2J-A 64-48 + 45-7 54 9" 

Here each term of the numerator and denominator is made inte- 
gral by multiplying it by 18, the L. C. M. of the denominators of the 
fractions contained in the numerator and denominator of the given 
fraction. 

(B) 6 i~ 1 i = 6 i- l i __ 243 - 68 175 

A of If If 35 35 5 ' 

Here the compound term <fc of If is first reduced to the simple 
term f $, and then the numerator and denominator of the resulting 
fraction is multiplied by 36, the L. C. M. of the small fractions. 

Compound terms must first be reduced to simple terms. 
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Exeecise XXVIII. 
Simplify : 

1 % 4 i 7 g-lf 10 «t-lA 

2 1 5 &* 8 10 * - H n 5* + 2* 

3. l!i 6. ^ of3 » 9. i££M 12 8|_ f 

13J- H°fA' l| + 2f' 14 If 

13. it of 3. 18. *LJ* 

11J 2f 6J - 2f 

14 5 *~ 4 i* 19 2H-4f + 3j 
' 5}-2tf' ' 5f-4} + f 

15 2j + 2j . jj,, lixlf + iof2j-tfx2 
' 4{-3f * ifof2 + Jof2t-Hoflf 

3» - 4f *• ^* X -6AT7T X !**»£ 

n Ji + H + ^ + i 22 si-n + W-it 

' H-tt + A-f '' »ft-«H + 7|-«f 



To Expbess one Number as the Fraction op Another. 

275. What fraction of 8 is 7 ? Ans. f 

For since 1 = J of 8, 

7=7 times J of 8 ; 
that is, 7 = i of 8. 

It will be noticed that the number which follows "of" is the de- 
nominator, and the other number the numerator, of the required 
fraction. See, also, \ 166. 
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Exeecise XXIX. 
What fraction of 

1. 8 is 3? 11. 2£is7|? 2L $10is$f? 

2. 3 is 8? 12. 7|is2|? 22. $100 is $6? 

3. 9 is 7? 13. 3iis8f? 23. $100is$4£? 

4. 7 iS 9? 14. $2 is $4? 24. $4 is $25? 

5. 8 is 12? 15. $2£is$5? 25. 100£is8£? 

6. 12 is 8? 16. $fis$i? 26. 21 is || of 3f? 

7. 2£is£? 17. $|is$f? 27. 18||£ is i <> f 33 l ? 
a |is2£? 18. $2£is$£? 2a 3|is|xli? 

9. 2fisli? 19. $^8$^? 29. 3^X5^- is 1720? 
10. Iiis2f? 20. $lis$£? 30. 3£xfof*isl$? 

What part of 

31. £|xSfisix4x-|? 

32. 18fX|XAiBl.crflttofli? 

34. 4|-2iis6|-2+? 

35. 17|-12fiB5-A-A-A? 

36. 24-17Ais7 + ^- 1 ft;-tt? 

37. f of2^ r ial|-i-2f? 

."-risK-V 1 *)' 

To Reduce a Decimal to a Common Fbaction. 

(1) Reduce .527 to a common fraction. 

(2) -525 = 3^ = |i. 

(3) 18.375 = 18#& = 18H = 18|. 



is 
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276. Hence, to reduce a decimal to a common fraction, 
Write the figures of the decimal for the numerator ; and 1 

with as many zeros as there are figures in the decimal for 

the denominator. 

Exeecise XXX. 

Reduce to common fractions in their lowest terms : 



L .125. 


9. 7.015625. 


17. 125.6048 


2. .625. 


ia 20.100256. 


18. .128. 


3. .675. 


1L 10.012575. 


19. .73125. 


4. 10.864. 


12. 104.235. 


20. 1.1875. 


5. 50.84. 


13. 50.0004. 


2L .603125. 


6. 3.00025. 


14. 100.001. 


22. 6.03125. 


7. 8.1075. 


15. 8.00725. 


23. 60.3125. 


a 35.01024. 


16. 20.018375. 


24. 7.0315. 


To Reduce 


A Common Fraction to 


a Decimal. 


(1) Change -f to a 


decimal. 

.625 
8) 5.000 





By this operation the form of the quotient is changed from { to 
that of .625, but the value remains unaltered. 

277. Hence, to reduce a common fraction to a decimal, 
Divide the numerator by the denominator. 

Exeecise XXXI. 
Reduce to decimals : 
1. f 6- 4^fo. 11. ^Hr- 18- W- 

3- A- 8- 9*Hfcr- 13- *■&• 18- foff of^. 

4. &• «• U-dfo- 14. J&. 19. 3f of4f 

6. A- ^ Tfo- i 5 - lb- »• H<*H- 
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278. Simplify by common fractions, then by reduoing 

the common fractions to decimals, and show that the results 

agree : 

H + 7^ = 3.4 + 7.35 = 10.75. 

H + V* = low = 10tf = 10f = 10.75. 

Exercise XXXII. 
In like manner simplify : 

i. H+H+Ht + iHI- a 7 *~ 4 *- 

2. 84tt+l»H + tt. »• 82i-37^. 

3. 4U+l8Jf + 42H + 2H+H. 10- 100-17ttf- 

4. 5£ + 13f + 19^ + 7&. 11. 5* -1J of 1ft. 

6. 5A + i<rflt + *rf2f + |off 12. H-H- 

6. lAof2f. ia 8J-liofA- 

7. 3^ + 2^. 14. £fxl000. 

CIRCULATING DECIMALS. 

279. If a fraction when reduced to its lowest terms con- 
tain in the denominator any other factor than 2 or 5 (the 
prime factors of 10), the division of the numerator by the 
denominator will give rise to a figure, or series of figures, 

which will be repeated without end. Thus, £f = .5568181 

in which the series 81 will repeat itself as long as we choose. 

280. The series of figures which is thus repeated is called 
a recurring period, and is indicated by placing a dot over 
the first and last figures of the period. Thus, ${- = .55681. 

281. If the decimal have no other figures except the re- 
curring period, it is called a pure circulator ; if the decimal 
have other figures preceding the period, it is called a mixed 
circulator. 
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(1) Reduce 12|f . 

.53571428 
28) 15.0 
140 



100 
84 



160. 

140 

200 

196 

40 

28 



120 
112 



80 
56 



It is to be observed that, 

The end of the recurring period is 
reached when a previous remainder 
reappears. 

When 2 or 5 occurs as a factor 
in the denominator, the number of 
(1) decimal places preceding the recurring 
period is equal to the highest exponent 
which either of these factors has in the 
denominator. Thus, the denominator 
28, in (1), is equal to 2 s x 7, and the 
quotient contains two decimal places 
preceding the recurring period. 

Hence, at the beginning of the re- 
curring period it is easily determined 
what the remainder will be at the end 
of the recurring period, and when this 
remainder reappears the division need 
be carried no further. 



240 

224 

16 the same remainder as (1). 

Hence, 12££ = 12.53571428. 

The work may be shortened by cancelling the factor 4 common to 
28 and the second dividend 100. Thus : 



.53571428 



28 



15.0 
14.0 



100 



25000000 

(2) Reduce £ to a decimal. 

.857142 
7)6.000000 

Since in this fraction the denominator contains neither 2 nor 5, the 
first figure of the decimal begins the recurring period, and the period 
ends when 6 reappears. 
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(3) Reduce 


m to a 


decimal. 


592 = 
period. 


2* x 37, and four decimal places will precede the recurring 

.2111486 


592 


125.0000000 
1184 






660 


...Cancel 4 from divisor and dividend. 


h. 


18 


165 




• 


148 






170 


...Cancel 2 from divisor and dividend. 


► 


r4 


85 
74 




37 


110 


...Cancel 2 from divisor and dividend. 


55 




37 




180 
" 148 


remainder at beginning of recurring period. 


320 




296 




240 
222 










18.. 


...remainder at end of recurring period. 



.-. £81 =• 2111486. 

Exercise XXXIII. 
Reduce to decimals : 



1. f 

*■"*• 
3. 8A- 
*• "Sir- 



5. Hi- 

6. 2ft. 

7 - 87 00- 

a lift. 



9- 9t¥*. 
10. 11^. 

12. ^. 



13. yf. 

14. ft. 
16. 5^. 



117 



17. If 57 x o3 ^ e expressed as a decimal, the quotient will 
contain how many decimal places? 
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18. If— — — be expressed as a decimal, how many decimal 

places will precede the recurring period ? 

19. If — — - be reduced to a decimal, how many decimal 

places will precede the recurring period ? 

To Reduce a Circulating Decimal to a Common Fraction. 

Reduce .5243 to a common fraction. 

From 10000 times the decimal, or 5243.243243 

Take 10 " the decimal, or 5.243243 

Then 9990 times the decimal = 5243 - 5. 
Therefore the decimal = 5 j$3o g = \\\% = ^^. 

Reduce .27 to a common fraction. 

From 100 times the decimal, or 27.2727 

Take 1 " the decimal, or .2727 



Then 99 times the decimal = 27. 
Therefore the decimal = -JJ = ^-. 

The decimal is multiplied by such a power of 10 as will remove 
the decimal point to the end of the recurring period, then by such a 
power of 10 as will bring the decimal point at the beginning of the 
recurring period. The difference of these two products will contain 
so many times the decimal as will be indicated by a row of as many 
nines as there are recurring figures, and as many zeros following 
the nines as there are non-recurring figures in the given decimal. 

282. Hence, to reduce a circulating decimal to a com- 
mon fraction, 

For the numerator, subtract the figures which precede the 
recurring period (if any) from the figures up to the end of 
the first period. 
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For the denominate-, write a 9 for each recurring figure, 
and annex a for each figure thai precedes the recurring 
period. 

Exercise XXXIV. 

Reduce to common fractions in their lowest terms : 

L .245. 9. 1.416. 17. .2368 

2. .425. 10. .5575. ia 1.136. 

3. 53.00243. 11. 2.08L 19. 1.531. 

4. 7.20li. 12. 5.12297. 20. 3.28963. 
6. 2.5306. 13. .3590. 2L 5.8783. 

6. .00426. 14. 4.3i62. 22. 1.69408. 

7. 31.203. 15. .7283. 23. .48324. 

a .351. 16. 5.142857. 24. .00i2213. 

great accuracy should be reduced to common fractions. 
Generally, however, it will be sufficient to treat them as 
terminating decimals, if care be taken to add 1 to the last 
figure retained in the decimal when the next figure is 5 or 
more. 

To Find the G. C. M. and L. C. M. op Fractions. 

If we divide £ by T ^ we obtain the quotient 12. 

If we divide f by ^ we obtain the quotient 5-^. 

It will be seen that the quotient is integral only when 
the numerator of the divisor is a measure of the numerator 
of the dividend and the denominator of the divisor is a 
multiple of the denominator of the dividend. Therefore, 
in order that a fraction may be a measure of a series of 
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fractions (expressed in their lowest terms), its numerator 
must be a measure of each numerator, and its denominator 
must be a multiple of each denominator. 

284. Hence, to find the G. C. M. of a series of fractions, 
Find the G. C. M. of the numerators for the numerator, 

and the L. C. M. of the denominators for the denominator , of 

the required measure. 

Conversely, to find the L. C. M. of a series of fractions, 
Find the L. C. M. of the numerators for the numeratm\ 

and the G. C. M. of the denominators for the denominator t of 

the required multiple. 

(1) Find the G. C. M. of &, ^, ff 

G. C. M. of 5, 25, 35 = 5 ; 
. L. C. M, of 36, 9, 99 = 396. 

Hence, -g-J^ is the G. C. M. required. 

(2) Find the L. C. M. of ^, ^, ff 

L. C. M. of 5, 25, 35 = 175 ; 
G. C. M. of 36, 9, 99 = 9. 

Hence, -^-^ is the L. C. M. required. 

Exercise XXXV. 

Find the G. C. M. and L. C. M. of: 

1. *, ft, if. 7. 501, 6H. 44 & 8H. 7 °7. 

2« 2£, 2%, -fo. 8. £, £, ^, -J, -J, -j^. 

3. 38f, 50|. 9. 1^, Iff, 4f, |f. 

4- A. ». H- 10 - 18 & 57 f 

5. 6f , 7f , 8f, 4f , 9f , 6A- "• 134|, 128f , 115f . 

«•. h i i. i. i> A- A- 12- 2ff , 1«, T*W- 

X- - 
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13. A, B, and start together and travel round a circular 

island, in the same direction. It takes A 2J days, 
B 2f, C 2| days to walk round the island. They 
travel until they all meet at the point of starting. 
In how many days will they be together at the point 
of starting ? 

14. If the step of a man be 2| ft and that of a horse be 2 J ft , 

find the smallest number of feet which is an exact 
number of man-paces and of horse-paces. . 
16. Find the largest number that is contained without re- 
mainder in 2J-, 6^, 11£, and 19£. 

Exercise XXXVI. 

MISCELLANEOUS EXAMPLES IN FRACTIONS. 

1. Simplify Wf ttfft itHtr. mi- 

2. Which is greater, and by how much, $ or ^f ? 

3. Find the sum of 3|, 2fa, 5f 7^, 1^- 

4. Simplify 5* - 3$ + 2^ - If 

5. Simplify 1$ + 3| - 2^ + 4^ - 3^. 

«. Simplify ^±|t. 

7. Simplify the expressions : 7-f-2f; I; |S; 15-j-|; 
g ; T^h-9; 43*^37*; JJ; 6| + 4f; t^| ; 

a Simplify the expressions : 7££ X 8 ; 43£$ X 6| ; 6|-t-8|; 

6^x5ijHof«;HofA«ftof*ofi; «<**#; 
ixix^xlxf 

ft By what must -J- be multiplied to obtain £ ? -J--to obtain 
|? £ to obtain |? f to obtain f ? f to obtain $? 
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10. By what must £ be divided to obtain \ ? \ to obtain \ ? 

i to obtain | ? $ to obtain $ ? £ to obtain | ? 8 to 
obtain 7|f ? 

11. What number exceeds 5$ by 4-J ? 

12. From what must 6f be subtracted to leave -J- of &$■ ? 

13. What fraction falls short of -^ by ^ ? 

14. What fraction is that to which -^ must be added to 

give -ft? 
16. Convert into decimals : \ ; £ ; | ; J ; J, f , •§, £ ; ^fr, 

A» A* "IT> T6"> Ttf> TT» l~fr i ¥» «" > 7 > f i TT » Tff- 

16. Convert into common fractions : .16 ; .016 ; .125 ; .13 ; 
.725; .625; .00625; .8125; .03125; .08; .54; .016; 
.5437 ; .027 ; .277 ; .68494 ; 1.345. 

2.8 of 2.27 



17. Simplify 



1.136 



• a 



18. Multiply 6.954 by 5.303, and express the result as a 

whole number and common fraction. 

19. Simplify 1£ of 2£ + 6£ -h 2f and reduce the result to 

a decimal. 

20. From what number can 4^J be taken 9 times and leave 

no remainder ? 

21. Of what fraction is VJ\ the 7th part?, 

22. Add |, 0.35, |, f, 0.112, 45.28. 

23. Convert into decimals |£ ; ^ ; ^ ; £$• ; .-J4 ; -fa ; ^. 

24. What part of 1J4 is -j-^n- ? 

25. Divide .0015 by .012, and express the result as a com- 

mon fraction in lowest terms. 

26. Convert into decimals : -fe ; gg joo ; \\ ; \ . 

27. If the product of two factors is £, and one factor is 1^, 

find the other factor. 
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28. If the dividend is -J-^ and the quotient 6J-, find the 

divisor. 

29. The dividend is 12^, quotient 3, remainder 1^-; find 

the divisor. 

30. Find the G. C. M. and the L. C. M. of 833, 1127, 1421, 

343. 

31. Arrange in order of magnitude -fa, f-f, -JhJ-, •£-$-, ■£$. 

32. Find the L. C. M. of tf, |f , -fife. 

33. Find the G. C. M. of £|, *£, f£, and 6£. 

34. Convert into common fractions in lowest terms : 7.2011 ; 

6.954; 5.303; 21.396. 

- a»P% 6 > 3 ;? 2 *,V - 

37. Simplify ^ ~3* 

aa simplify (3n ;-! ^ x7 ° 3 

4& SimpUfy Hof2t + 6i^2f + (5i + gi|). . 

41. Simplify .9 of | of f of 15|. 

42. What part of $ is £? 

43. What part of .390625 is .05 ? 

• • • • 

44. .09 is what fraction of .2045 ? 

45. Convert into decimals ffi ; -^ ; % • 

46. The G. C. M. of three numbers is 15, and their L. C. M. 

is 450. What are the numbers ? 



I 



CHAPTER XII. 

MEASURES IN COMMON USE. 

285. The unit of measure for lengths is a yard j and from 
this are derived the units of surface and volume. 

286. The standard yard of Great Britain, as defined by 
act of Parliament, is the distance between the centres of 
two cylindrical holes in a certain bar of gun-metal, when 
the metal has a temperature of 62 degrees Fahrenheit. 

The standard yard of the United States conforms as nearly 
as possible to that of Great Britain. 



Linear Measures. 




287. 12 inches (in.) 


= 1 foot (ft.). 


3 feet 


= 1 yard (yd.). 


5i yards, or 16 J feet 


= 1 rod (rd.). 


320 rods, 1760 yards, or 5280 feel 


) = 1 mile (mi.). 


A line 


= A in. 


A barleycorn 


= Jin. 


A hand (used in horse measure) 


= 4 in. 


A palm 


= 3 in. 


A span 


= 9 in. 


A cubit 


= 18 in. 


A military pace 


= 2} ft. 


A chain 


= 4 rds. 


A link 


= jfo chain. 


A furlong 


= jm. 


A knot (used in navigation) 


= 6086 ft. 


A league 


= 3 knots. 


A fathom (used in measuring ) 
depths at sea) i 


= 6 ft. 




A cable-length 


= 120 fathoms. 
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288. A quantity expressed with reference to a single unit 
is called a simple quantity ; but a quantity expressed with 
reference to different units is called a compound quantity. 
Thus, 20 miles is a simple quantity ; but 20 mi. 70 rds. 5 ft. 
is a compound quantity. 

Note. A number expressed with reference to a particular unit is 
sometimes called a denominate, or concrete, number ; and, in distinc- 
tion, a number expressed without reference to a unit is called an 
abstract number. But it is to be observed that all numbers are 
abstract. 



(1) Change 20 mi. to rods. 



320 rds. 
20 



6400 rds. 



Since a mile contains 320 rds., 20 miles con- 
tain twenty times 320 rds. = 6400 rds. 



(2) Change 20 mi. 70 rds. 5 ft. to feet. 

20 mi. 70 rds. 5 ft. 
320 



6400 
70 
6470 rds. 

16} 
3235 
38820 
6470 



106755 

5 

106760 ft. 



20 times 320 rds. = 6400 rds., to which the- 
70 rds. are added. Again, 6470 times 16} ft. 
= 106,755 ft., to which the 5 ft. are added. 

Observe that multiplicand and multiplier 
are interchanged in the operation. 



(3) Change 6400 rds. to miles. 

320)6400 gince tj^g are 320 r d s . in 1 mi., in 6400 

20 mi. rds. there are (6400 + 320) mi. = 20 mi. 
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(4) Change 106,760 ft. to miles. 

16}) 106760 ft. 
2 

33 ) 213520 half-feet. 

320 ) 6470 rds 10 half-feet - 5 ft. 

20 mi. ... 70 rds. 

20 mi. 70 rds. 5 ft. Ana. 

There are 16} ft., or 33 half-feet,. in a rod ; so the 106,760 ft. are 
changed to half-feet, and these to rods, by dividing by 33. The re- 
mainder is 10 half-feet = 5 ft. 

6470 rds. are changed to miles by dividing by 320, the number of 
rods in a mile. The remainder is 70 rds. 

289. The process of changing the unit in which a quantity 
is expressed, without changing the value of the quantity, is 
called reduction. 

290. If the change be from a higher denomination to a 
lower, it is called reduction descending ; if from a lower to a 
higher, it is called reduction ascending. 

291. To reduce a higher denomination to a lower, 

Multiply by the number required of the lower denomina- 
tion to make one of the higher. 

If there be intermediate denominations, reduce step by 
step, and add to each result the given number of the de- 
nomination reached. 

292. To reduce a lower denomination to a higher, 

Divide by the number required of the lower denomination 
to make one of the higher. 

If there be intermediate denominations, reduce step by 
step. 
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Exercise XXXVII. 
Reduce : 

L 3 yds. 2 ft. to inches. 

2. 4 mi. 124 rds. to feet. 

3. 27 rds. 4 J yds. to inches. 

4. 290 leagues to feet. 

5. 82,976,432 in. to miles. 

6. 7 mi. 3i yds. to inches. 

7. 27 mi. 222 rds. to inches. 



8. 712 mi. to inches. 

9. 540,451 ft. to miles. 

10. 271,256 in. to miles. 

11. 723,964 ft. to miles. 

12. 233,205 in. to miles. 

13. 10 chains to inches. 

14. 233,185 in. to fathoms. 



15. If the height of a horse be 16 hands, how many feet is 

his height ? 

16. If a train move 40 ft. in a second, what is its rate in 

miles per hour ? (One hour = 3600 seconds.) 



293. 



Measures of Surface. 



144 square inches (sq. in.) = 1 square foot (sq. ft.) . 

9 square feet 
30J square yards, or 



272} square feet 
160 square rods, or| 
10 square chains J 
640 acres 



= 1 square yard (sq. yd.). 
> =1 square rod (sq. rd.). 

= 1 acre (A.). 

= 1 square mile (sq. mi.). 



A square of flooring or roofing =» 100 sq. ft. 
A section of land =■ 1 mile square. 

A township =* 36 sq. mi. 

Note. The units of surface measure, except the acre, are squares, 
the Bides of which are linear units. Thus, a square inch is a square 
each side of which is one inch in length. 

Hence, in surface measurement, the scale ascends and descends by 
«?uare« of the linear units; 144- 12 8 ; 9 = 3*; 30t=(5JJ»; 272J=(16*y». 



152 ARITHMETIC. 

Reduce 740 sq. yds. to sq. rds. 

30^)740 sq. yds. 
4 

121 ) 2960 quarter-yards. 

24 sq. rds 56 quarter-yards = 14 sq. yds. 

30} sq. yds. made a square rod ; that is, 121 quarter-yards make a 
square rod. Therefore, the 740 sq. yds. are reduced to quarter-yards ; 
and these quarter-yards to square rods, by dividing by 121. The 
remainder, 56, is 56 quarter-yards = 14 yds. 

-d A Exercise XXXVIII. 

Reduce . 

1. 92,638 sq. yds. to inches. 6. 1 A. to feet. 

2. 1,223,527 sq. in. to yards. 7. 99,894,712 sq. in. to acres. 

3. 721 sq. mi. to rods. 8. 15,376 sq. yds. to acres. 

4. 34,729 sq. yds. to rods. 9. 562,934 sq. in. to rods. 

5. 3 A. 107 sq. rds. 27 sq. yds. 7 sq. ft. 23 sq. in. to inches. 

MA Measures of Volume. 

294. 

1728 cubic inches (cu. in.) = 1 cubic foot (cu. ft.). 
27 cubic feet = 1 cubic yard (cu. yd.). 

128 cubic feet = 1 cord (cd.). 

40 feet of round timber, or ) j ^ Qr loftd 

50 feet of hewn timber J 

4fr cubic feet = 1 ton of shipping. 

Note I. A pile of wood 4 ft. wide, 4 ft. high, and 8 ft. long, is a 
cord. One foot of the length of such a pile is called a cord foot, and 
contains 16 cubic feet. 

Note II. The units of volume, except the cord, are cubes, the edges 
of which are linear units. Thus, a cubic inch is a cube each edge of 
which is one inch in length. Hence, in the measurement of volumes 
the scale ascends and descends by cubes of the linear units ; thus, 
1728 = 12"; 27 -3 8 . 
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Exercise XXXIX. 
Reduce : 

1. 7 cu. yds. 13 cu. ft. to cubic feet. 

2. 25 cu. yds. 5 cu. ft. 143 cu. in. to cubic inches. 

3. 74,325 cu. in. to cubic feet. 

4. 439,000 cu. in. to cubic yards. 

5. 921,730 cu. in. to cubic yards. 

6. Wood cut in lengths of 4 ft. is piled to a height of 3} ft. 

How long must the pile be to contain a cord ? 

7. A pile of wood 127 ft. long, 4 ft. wide* and 3 ft. 8 in. 

high is sold for $ 7 a cord. How much money is re- 
ceived for it ? 

Measures of Capacity. 
Dry Measure. 

295. 2 pints (pt.) = 1 quart (qt.). 

8 quarts = 1 peck (pk.). 
4 pecks = 1 bushel (bu.). 

Liquid Measure. 

296. 4 gills (gi.) = 1 pint (pt.). 

2 pints = 1 quart (qt.). 
4 quarts = 1 gallon (gal.). 

31} gallons = 1 barrel (bbl.). 
2 barrels = 1 hogshead (hhd.). 

Note. The gallon of liquid measure contains 231 cubic inches. 
The bushel of dry measure contains 2150.42 cubic inches. Therefore 
the quart of liquid measure contains 57} cubic inches, and the quart 
of dry measure 67£ cubic inches. The imperial gallon of Cheat 
Britain contains 277.274 cubic inches. The imperial bushel contains 
2218.192 cubic inches. A quarter contains 8 imperial bushels. 
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■o i Exercise XL. 

Reduce : 

1. 3 pks. 5 qts. 1 pt. to pints. 8. 1715 J bushels to pints. 

2. 4234 pts. to bushels. 9. 3047 gals, to barrels. 

3. 24 gals. 2 qts. 1 pt. 2 gi. to gills. 

4. 272 liquid quarts to dry quarts. 

5. 400 dry quarts to liquid quarts. 

6. Express a bushel in cubic feet, carrying the decimal to 

three places. 

7. Express a cubic foot as the decimal fraction of a bushel. 

Weights. 

Troy Weight. 

297. 24 grains (grs.) = 1 pennyweight (dwt.). 
20 pennyweights = 1 ounce (oz.). 

12 ounces = 1 pound (lb.). 

A carat (of diamond) = 3£ grs. 

Avoirdupois Weight. 

298. 16 drams (drs.) = 1 ounce (oz.). 
16 ounces = 1 pound (lb.). 

100 pounds = 1 hundred- weight (cwt.). 

20 hundred-weight = 1 ton (t.). 

112 pounds = 1 long hundred-weight. 
2240 pounds = 1 long ton. 

Note. Troy weight is used for weighing gold, silver, and precious 
stones. The troy pound is the standard unit of weight. 

Avoirdupois weight is used for weighing all other articles. 

In the United Stages custom house and in wholesale transactions 
in coal and iron the long ton is used. 

The pound troy contains 5760 grains. 

The pound avoirdupois contains 7000 troy grains. 
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In preparing medicines, apothecaries use the following : 

Apothecaries' Weight. 

299. 20 grains (grs.) = 1 scruple (9). 

3 9 =1 dram (3). 

83 =1 ounce (5). 

12 I =1 lb. troy. 

Apothecaries' Measure. 

300. 60 minims (n^) =1 dram (n\, k.). 

8 drams = 1 ounce (n. drm.viij.). 

16 ounces = 1 pint (fl.oz.xvj.). 

Exercise XLI. 
Reduce : 

1. 27,587 grs. to pounds troy. 9. 23,047,125 drs. to tons. 

2. 34,652 lbs. to long tons. 10. 90,252,381 drs. to tons. 

3. 136,851 oz. to tons. 11. 1 pt. to minims. 

4. 864,205 grs. (troy) to pounds. 12. 8000 n^ to ounces. 
6. 864,205 grs. (apoth.) to pounds avoirdupois. 

6. 5 lbs. 7 oz. 6 dwts. 12 grs. to grains. 

7. 745 lbs. avoirdupois to troy weight. 

8. 745 lbs. troy to avoirdupois weight. 

301. TlME 

60 seconds (sec.) = 1 minute (min.). 

60 minutes = 1 hour (hr.). 

24 hours = 1 day (dy.). 

7 days == 1 week (wk.). 

365 days (or 52 wks. 1 dy.) = 1 common-year (yr.). 

366 days = 1 leap-year. 
100 years = 1 century. 
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Note. The interval measured from the instant the sun is due 
south until it is due south the next day, is called a solar day. Its 
length varies slightly, and its average length, called the mean solar 
day, is the day of which an hour is the twenty-fourth part. 

A year is the time in which the earth performs one revolution 
around the sun, and consists of 365.242218 mean solar days. 

Before the time of Julius Caesar, the year was reckoned as 365 
days. On the supposition that 365} days was the true length, he in- 
troduced a calendar in which every fourth year (every year which 
will give an integral quotient when its number is divided by 4) was 
to consist of 366 days. The year of 366 days is called a leap-year. 

The error of the Julian calendar, (365.25 - 365.242218 =) .007781 of 
a day, would amount to 3.1124 days in four centuries. To correct this 
error Pope Gregory XIII., in 1582, introduced * calendar in which 
three leap-years in every four centuries were reckoned as common 
years. Hence, the centuries are not leap-years unless the number of 
the century divided by 4 gives an integral quotient. 

The year is divided into twelve calendar months. Four months, 
April, June, September, and November, have each thirty days; Feb- 
ruary has twenty-eight days, and in leap-year twenty-nine ; the rest 
have each thirty-one days. 

A lunar month is the time between two new moons, and is a little 
more than 29 dys. 12 hrs. 44 min. 

Reduce : Exeecisb XLII. 

1. 6 hrs. 17 min. 25 sec. to seconds. 3. 48,567 min. to days. 

2. 1 yr. 13 dys. 4 min. to minutes. 4. 742,392 sec. to days. 

5. Find the number of days, reckoning from noon of the 

one to noon of the other, between the following days 
in the year 1880 : July 4 and December 2 ; Febru- 
ary 1 and May 29 ; January 3 and October 15 ; also, 
between December 25, 1880, and May 25, 1881. 

6. How many minutes are there from midnight of March 7 

to midnight of June 20 ? 

7. Find the number of seconds from eight o'clock Monday 

morning till six o'clock the next Saturday evening. 
a Which of the years 1600, 1656, 1700, 1734, 1800, 1818, 
1880, 1900, 1924, 2000 are leap years ? 
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Circular and Angular Measures. 

302. The circumference of every circle is divided into 
360 equal parts, called degrees ; each degree into 60 min- 
utes, and each minute into 60 seconds. 

60 seconds (") = 1 minute ('). 
6(y =1 degree (°). 

360° = 1 circumference. 

Note. As the circumference of every circle has 360 degrees, the 
length of the degree" differs in different circles. A degree of the cir- 
cumference of the earth at the equator contains 60 geographical 
miles, or 69.16 statute miles. * 

If two lines drawn from the centre of a circle include one-fourth 
of the circumference, they form at the cen- 
tre an angle of 90°, and this is called a 
right angle. The lines are said to be per- 
pendicular to each other. 

The number of degrees in the angle 
formed by two lines drawn from the centre 
of a circle is the same as the number of de- 
grees which the lines intercept on the cir- 
cumference. 

Reduce : ExERCISE XLIIL 

L 2° 30* 25" to seconds. 3. 56,760" to degrees. 

2. 15° 3' 22" to seconds. 4. 212,221" to degrees. 

5. The hour and minute hands of a watch form an angle of 
how many degrees at 3 o'clock ? at 4 o'clock ? at 6 
o'clock? at 7i o'clock? at 11 o'clock? at 12 o'clock? 

How many geographical miles in the width of the torrid 
zone (46° 55') ? How many statute miles ? 
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Monet. 
For United States Money see § 182. 

English Money. 

303. 4 farthings = 1 penny (d.). 

12 d. =1 shilling («.). 

20 a. =1 pound (£). 



k 



A guinea = 21 shillings. 

A crown = 5 «. 

A half-crown =2 8. 6 d. 

A florin = 2 8. 

A sovereign = 20 8. 

A half-sovereign = 10 8. 

A sovereign = $4.866 J. 



French Money : 100 centimes = 1 franc (fr.) = $0,193. 
German Money: 100 pfennigs = 1 mark =$0,238. 
Russian Money : 100 kopecks = 1 rouble = $0,734. 
Austrian Money : 100 kreutzers = 1 florin (fl.) =» $0,453. 



Reduce : Exercise XLIV. 

1. £583 6 s. 8 d. to pence. 7. 291,374 far. to pounds. 

2. £ 79 18 s. 11 J d. to farthings, a 709,126 d. to guineas. 

3. 28,572 d. to pounds. 9. 286,347 far. to crowns. 

4. 272,191 d. to half-sovereigns. 10. 20 francs to dollars. 

5. 27,281 crowns to guineas. 11. 20 marks to dollars. 

6. 1,716,114 guineas to pounds. 12. 5 roubles to dollars. 

13. Find the whole sum of money in a box containing 35 
sovereigns, 27 half-sov.ereigns, 13 crowns, 41 half- 
crowns, and 85 shillings. 
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Tempebature. 

304. There are three scales for registering 
temperature by means of the thermometer. 

Fahrenheit's has the freezing point of 
water marked 32°, and boiling point 212°. 

The Centigrade has the freezing point 
zero, and the boiling point 100. 

Keaumur's has the freezing point zero, 
and the boiling point 80°. 

The reduction from one scale to another 
may be effected as follows : 

(1) Express 80° 0. in Reaumur's scale. 

100° C. = 80° R. 
Therefore, 80° C. = JJft of 80° R. 

= 64° R. 

(2) Express 50° F. in Centigrade scale. 

The number of degrees F. between the freezing 
and boiling points is 180 ; 

Therefore, 1° F. = {%%<> C. = J° C. 
But 50° F. is 18° F. above freezing point, 
and f of 18° = 10°. 

That is, 50° F. - 10° C. 

(3) Express 60° C. on Fahrenheit's scale. 

100° C. - 180° F. 
Therefore, 60° C. = $fa of 180° F. 

= 108° F. 

This will be the height above the freezing 
point, and will be marked 32° + 108° - 140°. 




160- 
150- 



—90 



—80 



—70 



—60 



—50 



—40 



—30 



—20 



—10 



—20 



■30 
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■c, Exercise XLV. 

Express : 

1. 59° F. in Centigrade scale ; in Reaumur's scale. 

2. 77° F. in Centigrade scale ; in Reaumur's scale. 

3. 950° F. in Centigrade scale ; in Reaumur's scale. 

4. — 40° F. in Centigrade scale ; in Reaumur's scale. 

5. — 4° F. in Centigrade scale ; in Reaumur's scale. 

6. 10° C. in Fahrenheit's scale ; in Reaumur's scale. 

7. 22° C. in Fahrenheit's scale ; in Reaumur's scale. 

8. — 30° C. in Fahrenheit's scale ; in Reaumur's scale. 

9. — 11^-° C. in Fahrenheit's scale ; in Reaumur's scale. 

10. 4° R. in Fahrenheit's scale ; in Centigrade scale. 

11. 12° R. in Fahrenheit's scale ; in Centigrade scale. 

12. — 20° R. in Fahrenheit's scale ; in Centigrade scale. 

13. 4° C. in Fahrenheit's scale ; in Reaumur's scale. 

14. 0° F. in Centigrade scale ; in Reaumur's scale. 

Miscellaneous. 



Numbers. 

12 units =» 1 dozen. 
12 dozen — 1 gross. 
12 gross = 1 great gross. 
20 units = 1 score. 



Paper. 

24 sheets = 1 quire. 
20 quires = 1 ream. 
2 reams = 1 bundle. 
5 bundles — 1 bale. 



Weights. 



A bushel of corn or rye = 56 lbs. 
A bushel of corn meal, -\ 

rye meal, or cracked > = 50 lbs. 

corn ) 

A bushel of wheat = 60 lbs. 

A bushel of potatoes = 60 lbs. 
A bushel of beans = 60 lbs. 

A bushel of oats = 32 lbs. 



A bushel of barley = 48 lbs. 
A bushel of timo- ") _ ., 

thy-seed j ~~ 

A stone of iron or ) ., . ,. 

lead | = U lbs - 

A pig of iron or lead = 21} stone. 
A fother of iron or ) . 

lead I " 8 P* 8 - 



The weight of a bushel of potatoes, corn, etc., varies slightly in 
different States, but the weights here given are those generally 
adopted in business transactions. 
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A barrel of flour = 196 lbs. 

A barrel of pork or beef = 200 lbs. 
A cask of lime = 240 lbs. 

A cental of grain = 100 lbs. 

A quintal of fish = 100 lbs. 

Books. 

A book formed of sheets folded in 

2 leaves is a folio ; 

4 leaves is a quarto ; 

8 leaves is an octavo ; 
12 leaves is a duodecimo ; 
16 leaves is a 16 mo. 

COMPOUND ADDITION. 

805. Compound Addition is the operation of finding the 

sum of two or more compound quantities expressed in the 

same measure. 

Write the numbers so that units of 

the same denomination shall be in the 
Ex. 13 3 6 20 same column. 

The sum of the minutes is 138. Di- 
vide 138 min. by 60 (60 min. = 1 hr.). 
The result is 2 hrs. 18 min. 
Write 18 under the column of min- 
6\) 6 4 lo utea, an ^ carry 2 to the column of 

hours. 
The sum of the hours, including the two hrs. obtained from the 
138 min., is 52. Divide by 24 (24 hrs. = 1 dy.). 
The result is 2 dys. 4 hrs. 

Write 4 under the column of hours, and carry 2 to the column of 
days. 

The sum of the days, including the 2 dys. obtained from the 52 
hrs., is 17. Divide by 7 (7 dys. = 1 wk.). 
The result is 2 wks. 3 dys. 

Write 3 under the column of days, and carry 2 to the column of 
weeks. 

The sum of the weeks, including the 2 wks. from the 17 dys., is 39. 



wks. 


dyi. 


hrs. 


min. 


13 


3 


6 


20 


8 


6 


14 


34 


11 


4 


20 


28 


5 


2 


10 


56 
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mi. rds. yds. ft. 

(2) 



4 
6 


110 
25 


5 2 
4 2 




10 


136 


4J 1 
J=l 


6 in. 



10 136 4 2 6 in. Arts. 
In the result, the J yd. is changed to 1 ft. 6 in. 



Exercise XL VI. 



Add: 



hrs. min. mc. cu. yds. cu. ft en. in. £ *. d. 

1. 14 21 37 2. 130 5 820 3. 35 2 6* 

17 13 32 56 20 304 18 5 4 
9 47 43 37 4 86 27 3 10 

12 53 54 8 10 129 12 5 
22 17 50 12 19 175 

mi. rds. yds. ft. in. A. tfq. rds. sq. yds. sq. ft. sq. in. 

4. 6 120 3 2 2 5. 74 21 5 4 100 

18 15 1 1 6 23 37 13 5 83 
3 215 2 2 3 12 106 17 8 7 
7 95 1 1 8 41 50 23 24 

6. 5 bu. 3 pks. 6 qts. 1 pt. ; 6 bu. 2 pks. 7 qts. ; 7 bu. 1 pk. 1 

qt. 1 pt. ; 1 pk. 7 qts. ; 2 bu. 3 pks. 1 pt. 

7. 48 1. 13cwt. 75 lbs. 6oz. 4drms. ; 25 1. 12 cwt. 27 lbs. 

8 oz. 13 drms. ; 51 1. 10 cwt. 44 lbs. 15 drms. ; 80 1. 
5 cwt. 6 oz. ; 19 cwt. 27 lbs. ; 25 lbs. 8 oz. 10 drms. ; 
5 1. 5 cwt. 5 oz. 

8. 50 gals. 3 qts. 1 pt. 3 gi. ; 12 gals. 1 qt. 1 pt. 1 gi. ; 5 

gals. 2 qts. 1 pt. 2 gi. ; 75 gals. 3 qts. 1 pt. 3 gi. ; 80 
gals. 3 qts. pts. 1 gi. ; 17 gals. 1 qt. 1 pt. 3 gi. 

9. 13 lbs. 4 oz. 8 dwt. 6 grs. ; 25 lbs. 8 oz. 13 dwt. 20 grs. ; 

8 lbs. 11 oz. 14 grs. ; 20 lbs. 16 dwt. 8 grs. ; 15 lbs. 9 
oz. 12 dwt. ; 4 oz. 3 dwt. 
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10. 4 gals. 3 qts. 1 pt. ; 3 gals. 2 qts. 1 J pts. ; 12 gals. 3 qts. ; 

14 gals. 1 J pts. ; 5 gals. 2 qts. 1 pt. 

11. 60° 5(X 50" ; 20° 41' 52" ; 30° 25' 20" ; 20° 32' 43". 

COMPOUND SUBTRACTION. 

306. Compound Subtraction is the operation of finding 
the difference between two compound quantities expressed 
in the same weight or measure. 

£ •• * Here 6 s. is less than 8 s., so £1 is reduced 

Ex. 36 6 8| fc shillings and added to the 6 shillings. 

24 8 3j Then 8 s. are taken from the 20 s. + 6 s., and 

11 18 5 J 1 is added to the £ 24 of the subtrahend. 

a n x Exercise XL VII. 

Subtract : 

1. 23 lbs. 8 oz. 19 dwt. 10 grs. from 58 lbs. 6 oz. 17 dwt. 

21 grs. 

2. 5 bu. 1 pk. 6 qts. 1 pt. from 5 bu. 3 pks. 3 qts. 

3. 32 cu. yds. 13 cu. ft. 1600 cu. in. from 39 cu. yds. 17 cu. 

ft. 1400 cu. in. 

4. £92 15«. It d. from £120 13s. 4 c?. 

5. 22 gals. 3 qts. 1 pt. from 30 gals. 2 qts. 

a 17 1. 7 cwt. 17 lbs. 6 oz. 10 drs. from 25 1. 13 cwt. 15 lbs. 

12 oz. 5 drs. 
7. 13 A. 150 sq. rds. 98 sq. ft. 10 sq. in. from 20 A. 
a 58° 33' 36" from 90° 11' 21". 
a 2 yrs. 213 dys. 17 hrs. from 3 yrs. 147 dys. 14 hrs. 
10. 3 mi. 217 rds. 4 yds. 1 ft. 3 in. from 4 mi. 100 rds. 3 yds. 

COMPOUND MULTIPLICATION. 

307. Compound Multiplication is the operation of find- 
ing the amount of a quantity taken any number of times, 
when the quantity is expressed in several denominations. 



£ 


«. d. 


13 


14 7 




9 
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(1) Multiply £13 14 s. 7 rf. by 9. 

9x Id. = 63d. = 5s. 3d 

9 X 14 a. = 126 s. ; and with the 5 a. added = 131 s. 
= £6 lis. 
123 11 3 9 X £13 = £117; and with the £6 added = £123. 

Note. If the multiplier be the product of two factors, multiply 
the given quantity by one of the factors, and the resulting product 
by the other. Thus, if the multiplier be 72, multiply the given quan- 
tity by 8 and the resulting product by 9. 

If the multiplier be a large number, the work may be 
arranged as in the following example : 

(2) Multiply 25 lbs. 10 oz. 11 dwt. 16 grs. by 439. 

I. 439 II. 439 

16 11 



24 



III. 





2634 






4829 




439 


. $ dwt. = 


16 g 


292 .. . from I. 


4 


7024 


20)5121 


6 


1756 


256 ... 1 dwt. 




292.. 


re. 


439 






IV. 439 


10 






25 


4390 






2195 


256.. 


. from II. 




878 


2)4646 


. 




10975 


387. 


. . 2oz. 




387 .. . from III. 
11362 lbs. 






11,362 lbs. 


2 oz. 1 dwt. 16 grs. Ans. 



Multiply: Exercise XL VIII. 

1. £31 2 s. 61c?. by 8. 4. 5 1. 10 cwt. 67 lbs. by 10. 

2. 19 gals. 3 qts. 1 pt. by 70. 6. 43 bu. 2 pks. by 63. 

3. 3 lbs. 4 oz. 8 dwt. 10 grs. by 10. 
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6. 15 wks. 3 dys. 5 hrs. 12 min. by 7. 

7. 5 cu. yds. 10 cu. ft. 371 cu. in. by 6. 

8. 27 A. 76 sq. rds. 22 sq. yds. 5 sq. ft. by 90. 

9. 32 rds. 3 yds. 1 ft. by 57. 

10. 34 dys. 10 hrs. 13 min. 12 sec. by 108. 

11. 5 mi. 126 rds. 19 yds. 6 in. by 7125. 

12. 11 5 5 3 2 9 11 grs. by 2197. 



COMPOUND DIVISION. 

308. Compound Division is 

I. The operation of finding a quantity expressed in sev- 
eral denominations, which, when multiplied by a given 
number, shall equal a given quantity of the same kind. 

II. The operation of finding the number of times that a 
quantity expressed in several denominations is contained in 
another quantity of the same kind. 

Note. It is to be observed that the result of the division in I. is a 
quantity of the same kind as the dividend ; in II. it is an abstract 
number. 



(1) Divide £28 lis. Sd. by 7. 

£ ». d. »ph e remainder from dividing the shillings by 7 

7 )28 11 8 is 4 8 = 48 d which> wit h the 8 dm ^ded, is 56 d. ; 

4 18 and this divided by 7 gives 8 d. 



(2) Divide 40 t. 12 cwt. 20 lbs. 14 oz. by 36. 

1 cwt Ibi. os. 

36 T4I40 12 20 14 



9 10 3 5 31 



2 56 2i 
1 1. 2 cwt. 56 lbs. 2i oz. Ans. 
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(3) Divide 2334 cu. yds. 2 cu. ft. 1693 cu. in. by 649. 



en. yds. cu. ft. cu. in. 



649)2334 

1947 

387 

27 



2711 

774 

649)10451(16 

649 

3961 

3894 

67 

1728 

536 

134 

469 

67 

1693 

649)117469(181 
649 

5256 

5192 



2 1693 (3 la (3) the remainder from divid- 

ing 2334 cu. yds. by 649 is 387 cu. 
yds., which are reduced to cubic 
feet by multiplying by 27 (27 cu. ft. 
= 1 cu.yd.). The result, with the 
2 cu. ft. added, is 10451 cu. ft. The 
remainder from dividing 10451 cu. 
ft. by 649 is 67 cu. ft., which are 
reduced to cubic inches by multi- 
plying by 1728 (1728 cu. in. = 1 
cu. ft.). The result, with the 1693 
cu. in. added, is 117469 cu. in. 

(4) Divide £26 lis. by 3s. Sd. 
Reduce both quantities to pence. 

£26 lis. = 6372rf. 
3s. 8d = 44d. 



44 )6372 
144^ 

144fr. Ana. 



649 

649 3 cu.yds. 16 



cu.ft. 181 cu.in. Ans. 



.~. ., Exercise XLIX. 

Divide : 

1. 54 mi. 124 rds. 1 yd. 2 ft. 6 in. by 33. 

2. 5 cu. yds. 1 cu. ft. 84 cu. in. by 1716 cu. in. 

3. 8426 wks. 6 dys. 21 hrs. 10 min. 21 sec. by 1029. 

4. £394 2s. lOlcf. by £5 2s. 4JcZ. 

5. 22 wks. 2 dys. by 11 hrs. 31 min. 12 sec. 

6. 74,128 sq. mi. 517 A. 80 sq. rds. by 10,000. 

7. 38° 37' 42" by 5° 31' 6". 
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To Express the Value op the Fraction op a Simple Quantity 

in Lower Denominations. 

309. (1) Express £ rd. in yards, feet, and inches. 

| rd. = f of 5-J- yds. = 3| yds. 

|yds. = f of 3ft.=2ft. 

3 yds. 2 ft. Arts. 
(2) Find the value of .3975 of a mile. 



.3975 mi. 
320 

79500 
11925 

127.2 rds. 
16J 

3.3 ft. 
12 



3.6 in. 



In (2) the multiplicand and multi- 
plier are interchanged. 

.3975 of 320 rds. = 127.2 rds. 
.2 of a rod = 3.3 ft., and 
.3 of a foot = 3.6 in. 



127 rds. 3 ft. 3.6 in. Am. 



Exercise L. 



Find the value of : 

1. £ of a mile. 

2. ^ of an acre. 

3. |> of a hundred- weight. 

4. | of a pound sterling. 

5. ^- of a mile. 

6. -j 2 ^ of an acre. 



7. $ of a degree. 

8. \ of a year. 

9. 0.15625 of a bushel. 

10. 0.625 of a gallon. 

11. 0.875 of a leap-year. 

12. 0.325 of a pound troy. 



To Find the Value op the Fraction op a Compound Quantity. 
310. (1) Find the value of f of £3 2 s. 4 d. 



t. 



3 


2 


4 
3 


8)9 


7 






1 3 4J 



£1 3 s. 4hd. Ans. 
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(3) Find the value of 2£ of £ 13 4 s. 9 d. 

£ •. d. £ «. d. 

13 4 9 13 4 9 

5 2 



6 )66 3 9 26 9 6 

11 7J 11 71 

37 10 1J 

£37 10 s. lid. Am. 

Note. When the multiplier is a mixed number, multiply by the 
integer and the fractional parts separately, and add the results. 

Exercise LI. 
Find the value of: 

1. 6| of 3 A. 101£ sq. rds. .4. 17 & of 10 yds. 2 ft. S\ in. 

2. l$of7hrs.21min.27sec. 5. 0.01284 of 14 mi. 

3. 10.0175 of 1 dy. 13 hrs. 6. 0.42776 of 12 t. 10 cwt. 

7. i of 1 lb. + 3| oz. + 5| dwt. 

8. 0.35 of 4 lbs. 5 oz. 6 dwt. 16 grs. 

9. 3.726 mi. - 33.57 rds. 

10. -fa of a year + -^ of a week + -^ of an hour. 

11. 5.268 of 2 dys. + 2.829 of 16 hrs. + 0.9528 of 25 min. 

12. ^ of a mile + f of 40 rds. + £ of a yd. 

13. £ of 2 cwt. 84 lbs. + f of 5 cwt. 98 lbs. + £ of 7£ lbs. 

To Express one Quantity as the Fraction of Another. 

311. (1) Express 10 hrs. 33 min. 36 sec. as the fraction 

of a day. 

36 sec. = ££ min. = £ min. 

33f min. = |* hr. = tff hr. = ft hr. 

10ft hrs. = ig* d y. = {ft dy. = ft dy. 

$£dy. Ans. 
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(2) Express 5 yds. 1 ft. 4 in. as the fraction of 1 yd. 2 ft. 
4 in. 

5 yds. 1 ft. 4 in. : 1 yd. 2 ft. 4 in. : 

4in.=-^ft.=£ft. 4in.=-^ r ft.=|ft. 

Hft.=a yd . = |y d . 2ift. = fyd.=*yd. 

5$ yds. ljyds. 

?} = «• Am. 

Exercise LII. 
Express : 

1. A pound avoirdupois as the fraction of a pound troy. 

2. An ounce avoirdupois as the fraction of an ounce troy. 

3. 363 sq. yds. as the fraction of an acre. 

4. | of £2 Is. 3<2. +-& of £1 4s. 9 d. as the fraction of 

£2 14 s. 

5. 2 mi. 138 rds. 1 yd. as the fraction of 3 mi. 265 rds. 3 yds. 

1 ft. 6 in. 

6. ■£■ of 560 lbs. as the fraction of 5 long tons. 

7. $ of 200 rds. as the fraction of 4 miles. 

8. $■ of 2 dys. 2 hrs. 24 min. as the fraction of 2 wks. 1 d. 

9. $ of the difference between 3 yds. 2 ft. 11 in. and 10 yds. 

7 in. as the fraction of 8 yds. 

10. ^-J- of the difference between £ of 7 hrs. and ^ of 15 

min. as the fraction of 12 hrs. 18 min. 

11. { pt. as the fraction of a gallon. 

12. What part of 4 lbs. 1 oz. 8 dwt. 15 grs. is 1 lb. 1 oz. 

9 dwt. 15 grs. ? 

13. What part of 2 mi. is $ of 6 rds. 3 yds. 2 in. ? 

14. What part of a bushel is 1 pk. 2 qts. 1 pt. ? 

15. What part of 20 acres are 19 A. 3.5 sq. ch. ? 

16. What part of 5 tons are 3 t. 240 lbs. ? 

17. 38 sq. rds. 194 sq. ft. 108 sq. in. = what part of an acre ? 
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To Express one Quantity as the Decimal op Another. 

312. (1) Express 1 oz. 8 dwt. 19.2 grs. as the decimal 
of a pound. 



24 
20 
12 



19 2 ers ^^ S* 8, = ^ dwt., which is written at the 

ft ft i\ f right of the 8 dwt.' 

8.8 dwt. = .44 oz., which is written at the 
1.44 oz. right of the 1 oz. 



Am. .121b. 1.44 oz. = .12 lb. 

(2) Express 132 sq. yds. 2 sq. ft. 36 sq. in. as the deci- 
mal of 42 sq. yds. 4 sq. ft. 72 sq. in. 



144 
9 



36.00 sq. in. 144 

2.25 sq.ft. 9 



72.00 sq. in. 
4.5 sq. ft. 



132.25 sq. yds. 42.5 sq. yds. 

132.25 



42.5 



= 3.11176. Ans. 



36 sq. in. = .25 sq. ft., which is written at the right of the 2 sq.ft. 

2.25 sq.ft. = .25 sq.yd., which is written at the right of the 132 
sq. yds. 

In like manner 42 sq.yds. 4 sq.ft. 72 sq.in. are reduced to square 
yards and decimal of a yard ; then 132.25 sq. yds. are divided by the 
resulting 42.5 sq. yds. 

-c, EXEKCISE LIII. 

Express : 

1. 16 s. 3f d. as the decimal of a pound. 

2. 233 rds. 9 ft. 10.8 in. as the decimal of a mile. 

3. 71 sq. rds. 54 sq. ft. 64.8 sq. in. as the decimal of an acre. 

4. 15 hrs. 14 min. 6 sec. as the decimal of 2 days. 

5. 38 sq. rds. 21 sq. yds. 5 sq. ft. 108 sq. in. as the decimal 

of an acre. 

6. 3 mi. 242 rds. 2 yds. 2 ft. 3 in. as the decimal of 7 mi. 

160 rds. 

7. 5 hrs. 13 min. 30 sec. as the decimal of a week. 

8. 27° 14' 45" as the decimal of 90°. 



MEASURES IN COMMON USE. 



171 



9. 54 dys. 2 hrs. 40 min. as the decimal of 3651 dys. 

10. 2 lbs. avoirdupois as the decimal of 10 lbs. troy. 

11. 44,920.9025 hrs. as the decimal of a year. 

12. 1 drm. avoirdupois as the decimal of 1 dwt. troy. 

13. 10 milligrams as the decimal of a grain, if a kilogram 

equals 2 lbs. 8 oz. 3 dwt. 1 gr. 

14. 14.52 sq. yds. as the decimal of a square chain. 

15. 8 cwt. 77 lbs. 9.6 oz. as the decimal of a ton. 

Longitude and Time. 

313. A meridian is any line drawn straight around the 
earth and passing through both poles. 

314. The longitude of a place is the 
angle of inclination of the two planes 
which are supposed to pass through 
the centre of the earth, and contain, 
the one the meridian of that place, 
and the other the standard meridian. 
Thus, the longitude of C, reckoned 
from meridian ABE, is the angle 

BO C. A plane passing through ABU divides the earth 
into Eastern and Western Hemispheres. Places on the 
Eastern Hemisphere are in East Longitude ; on the West- 
ern Hemisphere, in West Longitude. 

315. As the earth turns upon its axis once in twenty- 
four hours, a point on the earth s surface will describe 
a circumference (360°) in twenty-four hours. Therefore 
longitude may be reckoned in time as well as in degrees. 

In one hour a point on the earth's surface describes -^ of 
360° = 15° ; in one minute ^ of 15° == \° (or 15') ; and in 
one second -fa of 15' = \'. 

Again, since it requires one hour (60 min.) for a point to 
pass over 15°, to pass over 1° it requires ^ of 60 min. = 4 
min. ; and to pass over 1' it requires ^ of 4 min. = 4 sec. 
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(1) Express 17° 35' 15" of longitude in time. 

Express the longitude in degrees 
17° 35' 15" an( * m i nu te 8 - 

= 17° 3525' Since it takes 4x1 min. to pass over 

a n h • x l°i a Q( l 4x1 sec. to pass over l f , it 

= 4 X (17 min. 35.25 sec.) ^ 4 x (17 min 35 M gec } to pasg 

= 1 hr. 10mm. 21 sec. over 170 3525'. 

Ans. That is, 1 hr. 10 min. 21 sec. 

(2) Express 2 hrs. 13 min. 3.5 sec. in degrees, etc. 

o -i 10 o e Express the time in minutes and 

2 hrs. 13 mm. 3.5 sec. K 

seconds. 

= 133 mm. 3.5 sec. gince a point pa8ge8 over j of 1G in x 

= \ (133° a.&) m i n an d J of l f in 1 sec, in 133 min. 

= 33° 15' 52.5". 3.5 sec. it passes over J of (133° 3.5'). 

Ans. That is, 33° 15' 52.5". 

Hence, if longitude be expressed in degrees, multiply the 
number of degrees by 4 ; the product is the equivalent num- 
ber of minutes of time. 

If longitude be expressed in minutes of time, divide the 
number of minutes by 4 ; the quotient is the equivalent 
number of degrees. 

Exercise LIV. 

Find the difference in longitude between two places, if 
the difference in time be : 

1. 1 hr. 15 min. 5. 6 hrs. 12 min. 30 sec. 

2. 2 hrs. 11 min. 6. 4 hrs. 8 min. 12 sec. 

3. 5 hrs. 10 min. 10 sec. 7. 18 hrs. 10 min. 

4. 3 hrs. 25 min. 35 sec. 8. 15 hrs. 15 min. 15 sec. 

Find the difference in time between two places, if the 
difference in longitude be : 

9. 9° 20'. 13. 120° 14' 30". 

10. 70° 30'. 14. 100° 45' 54". 

11. 56° 36' 12". 15. 2° 2f 2T. 

12. 108° 32' 36". 16. 75° IV. 
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316. Since the sun appears to move from east to west, 
sunrise will occur earlier at all points east, and later at all 
points west, of a given place. Hence, clock-time will be 
later in all places east, and earlier in all places west, of a 
given meridian. 

Therefore, if the time of a place be given, 

To find the time of a place east, add to the given time 
the difference of time between the two places. 

To find the time of a place west, subtract from the given 
time the difference of time between the two places. 

To Find the Difference in Clock-Time when the Difference 

in Longitude is Known. 

(1) When it is noon at Boston (long. 71° 3 ; 30" W.), 
what is the time at Paris (long. 2° W 22" E.) ? 

71° 3' 30" W. 
2° W 22" E. 
73° 23' 52" difference in longitude. 

= 4 X (73 min. 23.867 sec.) 
= 4 hrs. 53 min. 35.47 sec. 

53 min. 35J sec. past 4 o'clock. Ans. 

Since Boston is west and Paris is east of the meridian of Green- 
wich, the difference between their longitudes is found by taking the 
sum of their longitudes. 

Their difference in longitude, 73° 23' 52", is equivalent to 4 hrs. 
53 min. 35.47 sec, and as Paris is east of Boston, the time at Paris 
is found by adding the 4 hrs. 53 min. 35.47 sec. to the time at Boston. 

Exekcise LV: 

The longitude of some public building in : 

(1) Berlin is 13° 23' 43" E. (4) Pekin, 116° 23' 45" E. 

(2) Rome, 12° 27' 14" E. (6) San Francisco, 122° 26' 15" W. 

(3) Constantinople, 28° 59' E. (6) St. Louis, 90° 15' 15" W. 
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(7) Jerusalem, 35° 32' E. (10) Chicago, 87° 35' W. 

(8) Bombay, 72° 54' E. (11) New York, 74° 0' 3" W. 

(9) Calcutta, 88° 19' 2" E. (12) Montreal, 73° 25' W. 

1. When it is noon at Greenwich, what is the clock-time at 

each of the above places ? 

2. When it is half-past four p.m. at Chicago, what is the 

clock- time at each of the above places ? 

3. When it is eight o'clock a.m. at Constantinople, what 

is the clock-time at each of the above places ? 

To Find the Difference in Longitude when the Difference 

in Clock-Time is Known. 

Ex. When it is noon at Greenwich, what is the longitude 
of a place where the clock-time is half-past four a.m. ? 

hrs. min. 

12 
4 30 

7 30 = 450 min. 

450 min. = i of 450°, 

= 112°3(yW. Arts. 

Exebcise LVI. 

When it is noon at Greenwich the time at 

(1) Boston, Mass., is 7 hrs. 15 min. 46 sec. a.m. 

(2) Augusta, Me., 7 hrs. 20 min. 40 sec. a.m. 

(3) Columbia, S.C., 6 hrs. 35 min. 32 sec. a.m. 

(4) Little Rock, Ark., 5 hrs. 51 min. 12 sec. A.M. 

(5) Salt Lake, 4 hrs. 30 min. a.m. 

(6) Albany, N.Y., 7 hrs. 5 min. 1 sec. a.m. 

(7) Columbus, O., 6 hrs. 27 min. 48 sec. a.m. 

(8) Harrisburg, Penn., 6 hrs. 52 min. 40 sec. A.M. 

(9) New Orleans, La., 6 hrs. a.m. 

(10) Springfield, 111., 6 hrs. 1 min. 48 sec. A.M. 

(11) Washington, D.C., 6 hrs. 51 min. 44 sec. a.m. 

L What is the longitude of each of the above places ? 
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Exercise LVII. 

1. Reduce 7 gals. 3 qts. 1 pt. to gallons and decimal of a 

gallon. 

2. Reduce £4.375 to pounds, shillings, and pence. 

3. Reduce 7.6875 gals, to gallons, quarts, and pints. 

4. Reduce to pounds, shillings, and pence $5,875 ; $7.38; 

$17.85; $21.75; if $4.85 be equal to a pound. 

5. How many square yards in 3.7156 acres? 

6. If 2 qts. of linseed oil be mixed with J pt. spirits of 

turpentine, what fraction of the mixture is turpen- 
tine? How much turpentine in one pint of the 
mixture ? 

7. Reduce 5.1732 mi. to yards, feet, and inches. 

8. If a man walk 88 mi. in 26 hrs. how many feet does he 

walk each second ? 

9. Of a mixture of sand and lime .27 of the weight is 

lime. How many ounces of lime in a pound of the 
mixture ? How many troy grains of lime in an avoir- 
dupois pound of the mixture ? 

10. A gill of water is put into a quart measure, and the 

measure filled with milk. What part of the mixture 
is water ? 

11. Reduce 555 ft. to the decimal of a mile. 

12. Reduce 1 mi. 13 rds. 2 yds. 2 ft. 6 in. to inches. 

13. How many cubic inches in 2} cubic feet? 

14. How many pounds avoirdupois does a cubic yard of 

water weigh if a cubic foot weigh 1000 ounces ? 

15. Express the weight of a cubic yard of water as the 

decimal of a ton. 

16. What is the weight of 7 bu. 3J pks. of potatoes ? 

17. A farmer sowed 5,bu. 1 pk. 1 qt. of seed, and harvested 

from it 103 bu. 3 pks. 5 qts. How much did he 
raise from a bushel of seed ? 
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18. How many bushels in 5 t. of oats ? 

19. How many bottles, each holding 1 pt. 3 gi., can be filled 

from a barrel of cider ? 

20. If a steamer make 13 mi. 6 rds. an hour, how far will 

she go between 6 a.m. and 6 p.m. ? How many hours 
will she require to make 113 miles? 

21. If a locomotive run at the rate of 111 rds. a minute, 

how many hours will it require to run from Boston 
to Buffalo, 498 miles ? 

22. What is the cost of 12 A. 146 sq. rds. land at $ 16.25 an 

acre? 

23. What is the cost of 8 t. 3 cwt. 27 lbs. of coal at $5.75 

a ton? 

24. What is the cost of 7 1. 1560 lbs. of hay at $ 15.50 a ton ? 

25. What is the cost of a car-load of wheat weighing 20,000 

lbs. at $1.05 a bushel? 

26. Reduce 5 rds. 4 yds. 2J ft. to the decimal of a mile. 

27. Reduce 9 sq. ch. 11.25 sq. rds. to the decimal of an 

acre. 

28. Reduce .09375 bu. to quarts. 

29. Reduce 7560 chains to miles. 

30. How many gross are 2000 pens ? 

31. Find the cost of 27.248 A., at $93.75 an acre. 

32. Which is the greater, 2.8 of 3 ft. 11 in. or 3.11 of 2 ft. 

8 in., and by how much ? 

33. Reduce 171 lbs. 6 oz. troy to the decimal of a ton 

avoirdupois. 

34. Express 14.52 sq. yds. as the decimal of a square chain. 

35. If a sovereign be equal to 25.22 francs, or to $4.85, 

what decimal of a dollar is a franc ? 

36. Express 2.805 florins — 1.89 half-crowns as the decimal 

of £.472. 

37. If .327 of some work be done in 3 hrs. 38 min., how 

long will the whole work require ? 
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38. A can run a mile in 7.68 min. ; B can run at the rate 

of 7.68 mi. an hour. Which is the faster runner ? 

39. How many miles an hour does a person walk who takes 

2 steps a second and 1900 steps in a mile ? 

40. If an ounce troy of gold be worth $20, what is the value 

of a pound avoirdupois ? 

41. Two stars cross the meridian at 6 hrs. 4 min. 42.3 sec. 

and 7 hrs. 2 min. 57.21 sec, respectively. What is 
the interval between the observations ? . 

42. How long will it take to fill ^-| of a cistern, when the 

whole requires 6 hrs. 10 min. 

43. The circumference of a circle is 6 yds. 1 ft. 5.1 in., and 

is divided into 360 degrees. What is the length of 
55 degrees? 

44. Multiply 2 t. 16 cwt. 63£ lbs. by If 

45. Into how many shares has £120 been divided when 

each share is £3 8 s. 6^- d.? 

46. If -J-! of one line be equal to -J of another line, which is 

the greater ? and what fraction of it is the less ? 

47. Multiply 5 mi. 206 rds. 2 ft. 2 in. by 786. 

48. The returns of a gold mine are 241 t. of ore yielding 

2 oz. 1 dwt. 15 grs. of fine gold a ton, and 193 t. 
yielding 1 oz. 12 dwt. 9 grs. a ton. Find the value 
of the whole yield, at $ 19.45 an ounce. 

£9. Divide 93 long tons 56 lbs. by 23 lbs. 5 oz. 

60. Telegraph poles on railroads are generally erected at 
intervals of 88 yds. Show that if a passenger count 
the number of poles which the train passes in three 
minutes, that number will express the number of 
miles an hour the train is going. 

51. If Greenwich time be 5 hrs. 8 min. 16 sec. later than 
Washington time, and Chicago be 87° 35' W., what 
is the difference between Washington and Chicago 
time? 



CHAPTER XIII. 

PROBLEMS. 

Exercise LVIIL 

(1) A train travels 24 miles in .8 of an hour. Find its 

rate per hour. 

If the question had been, a train travels 70 mi. in 2 hrs., its rate 
per hoar would obviously be found by dividing the whole distance, 
70 miles, by 2. The application of the same method to this question 

glve8 ' 24 mi. h- .8 = 30 mi. Am. 

(2) A train runs from New York to Philadelphia, 90 miles, 

in 1 hr. 33 min. What is its rate per hour ? 

1 hr. 33 min. = 1JJ hrs., 
and 90 mi. -s- 1|£ = 58^ T mi. Ans. 

1. A train from New York to Philadelphia, 90 miles, makes 

the whole distance in 2 hrs. 5 min. What is its rate? 

2. Winlock, in 1869, found that electricity went through 

7200 miles of wire in J of a second. What was its 
rate per second ? 

3. If the time required for a signal to pass through the 

cable from Brest to Duxbury, 3799 miles, be .816 of 
a second, what is the rate per second ? 

4. If the report of a gun 1\ miles distant is heard in 5-| 

seconds after the flash is seen, what is the velocity of 
sound, in feet, per second ? 

5. If a man walk 3£ miles in 46 minutes, what is his rate 

per hour ? 
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6. If a horse go 47^- miles in 10 hrs. 40 min., what is his 

average rate per hour ? 

7. If a stone on a glacier move 95-J- feet in 188 days, what 

is its rate, in inches, per day ? 

It is often required to express speed with reference to the 
unit of distance instead of the unit of time. 

Ex. If a horse made 5£ miles in 33 minutes, how long did 
it take him to make a mile ? 

33 min. -s- 5£ = 6 min. An*. 

Hence, when the time is required for the unit of distance, 
Divide the time by the distance. 

8. If a horse trot \ of a mile in 2£ minutes, in what time 

can he trot a mile ? 

9. If a train run 18 miles in 39 minutes, how long does it 

take to run one mile ? 

10. If sound travel 1125 feet a second, how long will it take 

to travel one mile ? 

11. If a train require 3 hours to travel 104^ miles, find its 

average time for travelling a mile. 

12. If a mower cut 7-J- acres of grass in &£■ days, what part 

of a day will it take him to cut one acre ? If a day 
consist of 10 working-hours, what part of an acre 
does he cut in an hour? 

13. If a mower cut 3-J- square rods in \ of an hour, how 

many acres can he cut in a day of 10 hours ? 

14. If a fountain yield 117-J- gallons in £ of an hour, at what 

rate per hour is it flowing ? 

15. If a merchant's profits be $3147 in 7-J- months, what are 

his profits for a year ? 

16. If a wheel turn 17° 30' in 35 minutes, in how many 

hours does it make a complete revolution ? 
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17. If a man's expenditures be $4358 in 13£ months, what 

is his yearly rate of expenditure ? 

18. If a cistern lose by leakage 7 gals. 1 pt. in 49 hrs. 40 

min., what is its hourly rate of loss? 

19. If the circumference of the earth at the equator be 

24,900 miles, at what rate per hour is a person there 
carried round, one whole rotation being made in 23 
hrs. 56 min. ? 

20. If a man travel 3f miles in 7-J- minutes, how many miles 

will he travel in 50 minutes ? and how long will he 
take to travel 50 miles ? 



If a man can do a piece of work in 9 days, in 1 day he can do J 
of the work.. 

If another man can do the same work in 8 days, in 1 day he can 
do J of it ; and 

Both men together can do J + J =} J of it in 1 day. 

Therefore, if the whole work be considered to be divided into 72 
equal parts, they can do 17 of these parts in 1 day, and the time re- 
quired to do the whole work will be 72 -*• 1 7 = 4^ days. 

Ex. A cistern can be filled by means of a water-pipe in 30 
minutes, and can be emptied by a waste-pipe in 20 
minutes. If the cistern be full, and both pipes be 
opened, in what time would it be emptied? 

The waste-pipe empties ^ every minute. 

The water-pipe fills -fa every minute. 

When both are open ^ — -fo is emptied every minute. 

Tfr ~~ rfr = nnr = to- 
Therefore the whole will be emptied in 60 minutes. 

21. If A can mow a certain meadow in 4 days, and B in 3 

days, how long will it take both? 

22. If A can lay a certain wall in 4£ days, and B in 5£ 

days, how long will it take both ? 
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23. If a pipe will fill a vessel in 4 J hours, and another in 

3 J hours, how long will it take both to fill the 
vessel ? 

24. If A can go from Boston to Albany in 9i hours, and B 

from Albany to Boston in Hi hours, and they start 
at the same time, in how many hours will they meet? 

25. A requires 4 days, B 3 days, and C 4£ days, to do a 

certain piece of work. How long will it take, all 
three working together ? 

26. A can mow f of a field in 3 days ; B can mow $ of it in 

4 days. How long will it take both to mow the field ? 

27. One pipe can fill a cistern half full in £ of an hour, and 

another can fill it three-quarters full in ^ an hour. 
How long will it take both pipes to fill the cistern ? 

28. A cistern which holds 100 gallons can be filled from a 

pipe in 25 minutes, and emptied by a waste-pipe in 
45 minutes. If both are opened together, how long 
will it take to fill the cistern, and how much water 
will be wasted ? 

29. A pipe can fill a cistern one-third full in \ of an hour ; 

a waste-pipe can empty \ of the cistern in 20 min- 
utes. If both pipes are opened, in what time will the 
cistern be filled ? 

30. If one pipe runs into a cistern at the rate of 2 gallons 

in 3 minutes, and another at the rate of 5 gallons in 
4 minutes, while the water is running out of a third 
pipe at the rate of 4 gallons in 5 minutes, how long 
will it take to gain 71 gallons in the cistern ? 

31. A and B can do a piece of work in 2% days ; A and C 

in 3£ days ; B and C in 4J days. Required the time 
in which all three, working together, can do the work, 
and in which each can do it alone. 

Notice that by working two days each they can do — + — + — of 
the work. 2i 3 * ** 
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Ex. A person spends f of his money for dry goods, -J- of the 
remainder for groceries, and has $ 15 left. How much 
had he at first ? 

After spending } of his money he had } left. 

After spending J of } of his money he had left J of J = -fa. 

Then, $ 15 = -f^ of his money. 

Therefore, the whole money = $ 15 -*- -fa = $ 108. Arts. 

32. Sampson & Reed sold ■§■ of a lot of wheat to one party, 

£ of the remainder to another, and had 93 bushels 
left. How much had they at first ? 

33. In a certain school -fo of the scholars are girls, % of the 

boys are over 16 years old, and 6 boys are under 16. 
How many girls, and how many scholars in all ? 

34. In a certain school -J-f are boys ; ■£$ of the girls are un- 

der 16, and 13 girls are over 16. How many boys 
and how many girls in the school ? 

35. If from a certain number £ of it be subtracted, then £ 

of the remainder, then \ of that remainder, and 6 
still remain, what is the number ? 

36. 20 is | of | of | of what number ? 

37. 6 is f of £ of \ of what number ? 

38. Express ^ of 1 lb. troy -f^of 1 lb. avoirdupois as 

troy and as avoirdupois weights. 

39. The cargo of a ship, worth $45,000, belongs to three 

partners. A owns -J- of ■§■ of it, B's share is equal to 
^A °f $ °f A' 8 share, and owns the remainder. 
What ought each to receive from the sale ? 

40. Find the largest number which is contained an integral 

number of times in each of the following : 2$ , 6^, 

Hi 19i 

41. A person bequeathed -j^ of his property to A, -J- of it to 

B, -J- to C, -§• to D, and the remainder, $550, to E. 
What was the value of the whole property ? 

42. Arrange in descending order of magnitude, ££, ■£$, -J^. 
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4a A bankrupt's debts are $2520, and the value of his 
property is $ 1890. How much can he pay on a dollar? 

44. A bankrupt's debts are $4264, and he pays 62J cents 

on a dollar, what are his assets ? 

45. If 15 yards of silk cost $ 18.75, how much will 2QJ- yards 

cost? 

46. If 3$ pounds of tea cost $3.80, how much can I buy for 

$21.87? 

47. If -fa of a ton of coal cost $1.12, what is the price of 

5J cwt. ? 

48. If ^ of a piece of work be done in 25 days, how much 

will be done in 1L| days? 

49. A man walks 18 mi. 106 rds. 3-f yards in 5-J- hours. 

How long does he take to walk a mile and a half ? 
60. When an ounce of gold is worth $19.45, what is the 
value of .04 of a pound ? 



Ex. If 27 men can do a piece of work in 14 days, working 
10 hours a day, how many hours a day must 12 men 
work to do the same work in 45 days ? 

Since 27 men can do the work in 14 X 10 hours = 140 hours, 
1 man can do it in 27 X 140 hours, 
and 12 men can do it in Aif JAfl. hours = 315 hours. 

Hence, the number of hours they work each day 

= ^y^, or 7. Am. 

51. If 9 horses can plow 46 acres in a certain time, how 

many acres can 12 horses plow in the same time ? 

52. If 12 men can reap a field in 4 days, in what time will 

32 men reap it ? 

53. If 72 men dig a trench in 63 days, in how many days 

will 42 men dig another trench three times as great ? 

54. If a man travel 540 miles in 24 days, walking 6 hours 

a day, how many miles can he travel in 3 days, walk- 
ing 8 hours a day ? 



\ 
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66. If 15 men can perform a piece of work in 22 days, how 
many men will finish another piece of work four times 
as large in -J- of the time ? 

66. A garrison of 2100 has provisions for 9 months, but re- 
ceives reinforcements of 600 men. How long will 
the provisions last ? 

87. If a cubic foot of ice weigh 57f pounds, how many cubic 
feet of ice will weigh a ton ? 



(1) If 12 horses can plow 96 acres in 6 days, how many 

horses will plow 64 acres in 8 days ? 

In 6 days 96 acres can be plowed by 12 horses. 

In 1 day 96 acres can be plowed by 6 x 12 horses. 

6 x 12 
In 1 day 1 acre can be plowed by horses. 

o Y 19 

In 8 days 1 acre can be plowed by — — — horses. 

J * J 8 x 96 

64 x 6 x 12 
In 8 days 64 acres can be plowed by — — — £j- — horses. 

O X «7D 

0ffx6xX? horBe8 _ 6 norgeB £ m 

(2) If 40 acres of grass be mowed by 8 men in 7 days, how 

many acres will be mowed by 24 men in 28 days ? 

24 men will mow three times as much as 8 men in the same 

time. 
And the same number of men will mow four times as much 

in 28 days as in 7 days. 

Hence, 24 men in 28 days will mow 3x4 times as much as 

8 men in 7 days. 

3 x 4 x 40 acres = 480 acres. Arts. 

58. How many bushels of wheat will serve 72 people 8 days 

when 4 bushels serve 6 people 24 days? 

59. If 2 horses eat 8 bushels of oats in 16 days, how many 

horseB will eat 3000 bushels in 24 days ? 
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60. If a man travel 150 miles in 5 days, when tne days are 

12 hourB long, in how many days of 10 hours each 
will he travel 500 miles ? 

61. If a regiment of 939 soldiers consume 351 bushels of 

wheat in 21 days, how many soldiers will consume 
1404 bushels in 7 days ? 

62. If 5 men can reap a field of 12J- acres in 3-J- days, work- 

ing 16 hours a day, in what time can 7 men reap a 
field of 15 acres, working 12 hours a day ? 

63. If 7 men mow 22 acres in 8 days, working 11 hours a 

day, in how many days, working 10 hours a day, will 
12 men mow 360 acres ? 

64. If 44 cannon, firing 30 rounds an hour for 3 hours a 

day, consume 300 barrels of powder in 5 days, how 
long will 400 barrels last 66 cannon, firing 40 rounds 
an hour for 5 hours a day ? 

65. How many times will a wheel 2\ feet in circumference 

turn round in travelling over 12f yards ? 

66. How much ground will be travelled over by a wheel 1^ 

yards in circumference, when it has made 4£ turns ? 

67. Find the circumference of a wheel which makes 9 turns 

in travelling over 1\ yards. 

68. If the circumference of a wheel be -^ of 1 yd. \\ ft., 

how many times will it turn in travelling 3f miles ? 

69. If the wheel of a locomotive be 3^ times 5.52 feet in 

circumference, how many times does it turn in a 
minute, when the locomotive is running at the rate 
of 13.34 miles an hour ? 

70. A can run -^ of a mile in f of a minute, B can run -^ 

of a mile in -| of a minute, and C ■£§ of a mile in •$• of 
a minute. Which is the fastest runner? and if he 
can run a certain distance in 3 min. 10 sec, how 
much longer will each of the others take to run the 
same distance ? 
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71. Find the amount of the following bill : 
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Make bills for the following transactions : 

72. James Hardy bought of C. H. Mills 275 bbls. of flour, 

at $6.75; 324 bbls. of flour, at $6.25; 300 bu. of 
potatoes, at 48 cents ; 1578 lbs. of butter, at 32 cents ; 
2000 bbls. of apples, at $1.25; a car-load (20,000 
lbs.) of oats, at 42 cents a bushel ; a car-load (28,575 
lbs.) corn, at 55 cents a bushel. 

73. James Harlow bought of John Pike 12 bales, 480 lbs. 

each, Texas cotton, at 91 cents; 7 bales, 502 lbs. 
each, upland, at 101 cents ; 3 bales, 492 lbs. each, low 
middling, at 9i cents; 18 bales, 490 lbs. each, good 
ordinary, at 9 cents. 
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Measures of Subface. 

It will be remembered that if the length and breadth of a rect- 
angle be expressed in the same linear unit, the product of these two 
numbers will express its area in square units of the same name as the 
linear units of the sides. 

And, conversely, the number of square units divided by the num- 
ber of linear units in one side will give the number of linear units 
in the other side. \ 203. 

(1) Find the area of a floor 16 ft. 3 in. long, 12 ft. 6 in. 

wide. 

16 ft. 3 in. = 16J ft. 12 ft. 6 in. = 12J ft. 
16J X 12J = ^ X ^ = u/& sq. ft. 

. = 203J sq. ft. Am. 

(2) A rectangle contains 670 sq. ft. 108 sq. in., and is 19 ft. 

6 in. wide. Find its length. 

670 sq. ft. 108 sq. in. = 670| sq. ft. 19 ft. 6 in. - 19J ft. 
670}^19J = ?|3x| = ?|5 

2 = 34f| ft. Am. 

Exercise LIX. 

1. What length of board 15 in. wide will contain 11 sq. ft. 

36 sq. in. ? 

2. What length of road 44 ft. wide will contain an acre ? 

3. Find the area of a rectangular field 13.12 chains long, 

10.35 chains broad. 

4. A path 216 ft. long measured 72 sq. yds. Find its 

breadth. 

5. A rectangular field of 21.66 acres is 250.8 yds. broad. 

Find its length. 

6. What is the area of a table if length and breadth be 

4 ft. 3^- in. and 2 ft. 9$ in., respectively ? 
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7. From each corner of a square, the side of which is 2 ft. 

5 in., a square measuring 5 in. on a side is cut out. 
Find the area of the remainder of the figure. 

8. The length and breadth of a map are 4 i ft. and 3 J ft., 

respectively. If the map represent 77,760 sq. mi. of 
country, how many miles are there to a square inch ? 

9. In rolling a grass plot 24 yds. long and containing 400 

sq. yds., how many times must a roller 3 ft. 4 in. 
wide be drawn over it lengthwise so that the whole 
may be rolled ? 

10. How many sods, each 2 ft. 3 J in. long and 8t in. broad, 

would be required to turf an acre of ground ? 

11. Find the area of » picture-frame 21 in. broad and hav- 

ing an outside measurement of 4 ft. 6 J in. in length 
and 2 ft. 8 in. in width. 

12. Find the expense of glazing four windows, each contain- 

ing 12 panes, the panes being each a foot long and 10 
in. wide, and the price of the glass 38 cents per square 
foot. 

13. A garden 76 yds. long and 56 yds. broad, enclosed by a 

wall, has a border 4 ft. wide within the wall, and 
within this a path 5 ft. wide, the middle being grass. 
Find the areas of the border, path, and grass, respec- 
tively. 

It will be remembered that the area of a circle is found by mul- 
tiplying the square of the radius by 3.1416. \ 204. 

14. Find the area of a circle which has a radius of 3 ft. 

15. What is the area of a circular field with a radius of 400 

yards ? 

16. The radius of the rotunda of the Pantheon at Rome is 

71 ft. 6 in. Find the area of the floor. 

17. The diameter of a cistern is 13 ft. What is the area of 

the bottom ? 
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18. ,The two dials of the clock of St. Paul's, London, are 

each 18-J- feet in diameter. What is the area of each 
in square feet? 

It will be remembered that the surface of a sphere is found by 
multiplying the square of the diameter by 3.1416. \ 205. 

19. How many square inches on the surface of a ball 3 in. 

in diameter ? 

20. How many square inches of surface in a spherical black- 

board 12 in. in diameter ? 

21. What is the interior surface of a hemispherical vase 20 

inches in diameter ? 

Caepeting Rooms. 

It will be remembered that in determining the number of yards 
of carpeting required for a room, we first decide whether the strips 
shall run lengthwise or across the room, and then find the number of 
strips needed. 

The number of yards in a strip multiplied by the number of strips 
will give the required number of yards. \ 207. 

22. How many yards of carpeting f of a yard wide will be 

required for a floor 26 ft. long, 15f ft. wide, if the 
strips run lengthwise ? How many if the strips run 
across the room ? How much will be turned under 
in each case? 

23. How many yards \ of a yard wide will be required for 

a room &$- yds. long and 17 ft. wide, if the strips run 
lengthwise, and there is a waste of -^ of a yard in 
each strip, in matching patterns ? 

24. How many square yards of oil-cloth will be required for 

a hall floor 5£ yds. long and 10 ft. wide ? 

25. What will be the cost of carpet f of a yard wide for a 

room 28£ ft. by 18| ft., if the strips run lengthwise, 
and the cost per yard is 92 cents ? 
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28. Find the cost of carpet 30 inches wide, at $1.25 per yd. 

for a room 18 ft. by 14 ft., if the strips run length- 
wise? if the strips run across the room? 

27. Find the cost of carpeting 27 inches wide, at $ 1.12J- per 
yard, for a room 29 ft. 9 in. by 23 ft. 6 in., if the 
strips run across the room ? 

2& Find the cost of carpeting £ of a yard wide, at $2.75 
per yard, for a room 34 ft. 8 in. by 13 ft. 3 in., if the 
strips run lengthwise, and if there be a waste of \ of 
a yard on each strip in matching the pattern ? 

29. Which way must the strips of carpet £ of a yard wide 

run in order to carpet most economically a room 20. 
ft. 6 in. long and 19 ft. 6 in. wide, if there be no waste 
for matching the pattern ? 

Papering and Plastering. 

It will be remembered that the area of the four walls of a room is 
equal to the perimeter X height. § 208. 

30. Find the number of yards of plastering in the walls of 

a room 21f ft. long, 16-J- ft. wide, and 11 ft. high, if 
12 sq. yds. be allowed for doors, windows, and base- 
boards. 

31. How many square yards of plastering in the walls and 

ceiling of a room 30 ft. 8 in. long, 26 ft. 5 in. wide, 
10 ft. 6 in. high, if 24 sq. yds. be allowed for doors, 
windows, and base-board ? . 

32. What will be the cost of plastering the walls and ceil- 

ing of a room 27 ft. 4 in. long, 20 ft. wide, and 12 ft. 
6 in. high, at 27 cents per square yard, if 20 sq. yds. 
be deducted for doors, windows, and base-board? 

33. Find the cost of whitening the ceiling and walls of a 

room 14 ft. 4 in. wide, 15 ft. 6 in. long, 10 ft. 6 in. 
high, at 5 cents per square yard, allowing 9 square 
yards for doors and windows. 
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34. Find the cost of plastering a room 21 ft. long, 15 ft. 

wide, 12 ft. high, at 40 cents per square yard, allow- 
ing for a door 7 ft. high, 3 ft. wide ; 3 windows, each 

5 ft. high, 3 ft. wide; and a dado 2 ft. 9 in. high 
around the room ? 

35. Find the cost of papering a room 20 ft. 6 in. long, 17 ft. 

4 in. wide, 9 ft. high, with paper 18 in. wide, 8 yards 
in a roll, at 75 cents a roll ; allowing for 2 doors, each 
7 ft. high, 3 ft. wide, and for 3 windows, each 5 ft. 

6 in. high and 3 ft. 3 in. wide. 

36. Find the cost of papering a room 32 ft. long, 22 ft. wide, 

13 ft. high, with paper 18 in. wide, 8 yards in a roll, 
at $1.25 a roll, if 50 sq. yds. be allowed for doors, 
windows, and base-board. 

37. Find the cost of papering a room 26 ft. long, 21 ft. wide, 

12 ft. high, with paper 20 in. wide, 8 yards in a roll, 
at $1.50 a roll, and a border at 25 cents per running 
foot; allowing for a fire-place 5 ft. 3 in. by 4 ft., a 
door 7 ft. by 4^- ft., and 3 windows, each 6 ft. by 
3^ ft. 

Board Measuee. 

317. Boards 1 inch or less in thickness are sold by the 
square foot. 

Boards more than 1 inch in thickness, and all squared 
lumber, are sold by the number of square feet of boards 1 
inch in thickness to which they are equivalent. 

Thus, a board 16 feet long, 1 foot wide, and 1 inch thick, 
contains 16 feet board measure. If only £, \ , or % of an 
inch thick, it still contains 16 feet ; but if 1\ inches thick, 
it contains 20 feet board measure. 

In practice, the width of a board, unless sawed to order, is reck- 
oned only to the next smaller half-inch. Thus, a width of llf inches 
is reckoned 11 inches ; of 13$ or 13f inches, is reckoned 13} inches. 
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How many feet board measure in : 

38. A board 18 ft. long, 9 in. wide, -J- in. thick ? 
A board 16 ft. long, 11 in. wide, 1 in. thick ? 

39. Twenty boards averaging 14 ft. long, 10 in. wide, •£ in. 

thick ? 

40. Three joists 13 ft. long, 8 in. wide, 3 in. thick ? 

41. A stick of timber 8 in. by 9 in. and 27 ft. long. 

42. Two beams, each 6 in. by 9 in. and 23 ft. long ? 

43. Three joists, each 3 in. by 4 in. and 11 ft. long? 

44. Five joists, each 6 in. by 4 in. and 14 ft. long? 

45. A stick of timber 10 in. square and 36 ft. long ? 

46. Ten planks, each 13 ft. long, 15 in. wide, 2 in. thick ? 

Find the cost of : 

47. Nine joists, each 15 ft. long, 3£ in. by 5 in., at $12 

per M. 
Note. The abbreviation " per M." means by the thousand. 

48. Thirty planks, each 12 ft. long, 11 in. wide, 3 in. thick, 

at $ 15 per M. 

49. Four sticks of timber, each 8 in. by 9 in. and 23 ft. long, 

at $18 per M. 
60. A board 24 ft. long, 23 in. wide at one end and 17 in. 
at the other, and 1-J- in. thick, at $30 per M. 

51. A stick of timber 29 ft. long, 10 in. by 12 in., at $13.50 

per M. 

52. The flooring for two floors, each 23 ft. by 17 ft., each 

floor double, and of boards -J- in. thick ; the lower floor 
at $18, and the upper at $24, per M. 

53. The flooring timbers for a room 23 ft. by 17- ft., at $18 

per M., if they are 2 in. by 10 in., 17 ft. long, and 
are placed on edge, two close to the walls and the 
others with spaces of f^- of a foot between them. 

318. Round logs are sold by the amount of square lum- 
ber that can be cut from them. When they do not exceed 



^ 
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16 ft. in length, the length and the diameter of the snail 
end (not the average diameter) are taken, and a table 
stamped upon calipers gives the calculated number of feet 
board measure. This table may be calculated by the fol- 
lowing rule : 

Express the diameter in inches ; subtract twice the diam- 
eter from the square of the diameter, and |^ of the remainder 
will express the number of feet board measure in a log ten 
feet long. 

Ex. Find the number of feet board measure in a log 12 ft. 
long and 20 in. in diameter. 

20*- 2x20 = 400-40 = 360, 

ii of 360 = 189, 

H of 189 = 226.8 ft. board measure. 

The square of the diameter — twice the diameter = 360, and JJ of 
360 = 189, which would be the number of feet board measure if the 
log were 10 ft. long. As the log is 12 ft. long, it is necessary to take 
{$ of 1§9 to obtain the number of feet in the whole log. 

The rule may be remembered by the formula $$(d*—2 d) t in which 
d is the diameter of the log in inches. 

By this rule find the number of feet board measure in : 

64. A log 14 ft. long, 17 in. in diameter. 

55. A log 11 ft. long, 13 in. in diameter. 

56. A log 16 ft. long, 20 in. in diameter. 

57. A log 12 ft. long, 15 in. in diameter. 

Find the value, at $9 per M. of: 

58. A log 17 ft. long, averaging 11 in. in diameter. 

59. A log i8 ft. long, averaging 13 in. in diameter. 

60. A log 13 ft. long, 16 in. in diameter. 

61. A log 14 ft. long, 12 in. in diameter. 

319. Large, heavy timber is often sold by the ton, signi- 
fying 50 cubic feet, or 600 feet board measure. 
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320. Clapboards are usually 4 ft. long and 6 in. wide, and 
are nailed on to expose 3 J or 4 inches of their width to the 
weather. 

62. How many clapboards will be required to cover the 

front of a house 60 ft. long and 20 ft. high, if they 
are laid 4 in. to the weather, and if 120 sq. ft. be de- 
ducted for doors and windows ? 

321. Shingles are 16 in. long, and are laid with J of 
their surface exposed to the weather. 

63. If one thousand shingles cover 120 sq. ft. of roof, what 

is the average width of a shingle ? 

64. Allowing one thousand shingles for 120 sq. ft., how 

many thousand will be required to cover the pitched 
roof of a house 60 ft. long, if the width of each side 
of the roof be 24i ft. ? 

Measures op Volume. 

It will be remembered that if the length, breadth, and height of a 
rectangular solid be expressed in the same linear unit, the product 
of these numbers will express its volume in cubic units of the same 
name as the linear unit of the edges. 

Exercise LX. 

1. Find the volume of a rectangular solid whose length, 

breadth, and thickness are 7 ft., 2 ft. 6 in., and 11 in. 
respectively. 

2. How many cubic feet of air in a hall 54 ft. long, 33 ft. 

wide, 21ft. 4 in. high? 

3. Find the volume of a cube whose edge is 2J yds. 

4. A cellar is dug 21 ft. long, 17 ft. 3 in. wide, 9 ft. deep. 

How many cubic yards of earth are taken out ? 

5. How many cubic feet of water does a cistern hold whose 

length, breadth, and height are 5 ft. 4 in., 3 ft. 6 in., 
2 ft. 10 in., respectively? 
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6. If the dimensions of a brick be 8 in. by 3 J in. by 2i in., 

find its volume. 

7. In a bar of iron 21 ft. long, 3 in. wide, 2 in. thick, how 

many cubic inches are there ? 

8. What is the value of a bar of gold 8 in. long and f of 

an inch square, at $190 a cubic inch? 

If two of the dimensions of a rectangular solid be given, and also 
its volume, the third dimension is found by dividing the volume by 
the product of the two given dimensions. 

9. A reservoir whose length and breadth are 15 yds. and 

12 yds., respectively, holds 330 cu. yds. of water. 
What is its depth ? 

10. What length must.be cut off a beam 9 in. by 15 in. to 

contain 2 J cu. ft. ? 

11. How high should a room be made, if its length be 31 ft. 

3 in. and breadth 24 ft., in order that it may contain 
10,000 cu. ft. of air ? 

12. A piece of wood 5 ft. long, 1 ft. broad, and 9 in. thick, 

is cut up into matches 2 J in. long and .1 of an inch 
square. How many will there be if no allowance be 
made for waste in cutting ? 

13. How long a wall 6 ft. high, 12f in. thick, could be built 

with the bricks forming a pile 17 ft. 6 in. long, 5 ft. 
wide, 4 ft. 3 in. high ? 

14. Find the surface of a cube whose edge is 3 ft. 51 in. 

15. Find the surface of a rectangular block of stone 4 ft. 

long, 2} ft. broad, 1J ft. thick. 

16. A lake whose area is 45 A. is covered with ice 3 in. 

thick. Find the weight of the ice in tons, if a cubic 
foot weigh 920 oz. avoirdupois. 

17. How many bricks will be required to build a wall 75 ft. 

long, 6 ft. high, and 16 in. thick, each brick being 8 
in. long, 4 in. wide, 2i in. thick? 
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18. Find the cost of making a road 110 yds. in length and 

18. ft wide, the soil being first removed to the depth 
of 1 ft. at a cost of 25 cts. a cubic yard ; rubble being 
• then laid 8 in. deep, at 25 cts. a cubic yard, and gravel 
placed on top 9 in. thick, at 62J cents a cubic yard. 

19. A room whose length is 27 ft., breadth 24 ft., height 10 

ft., is to have its ceiling raised so as to increase the 
space by 84 cu. yds. What will then be its height ? 

20. A block of wood 5 ft. 4.8 in. long, 1 ft. 9 in. wide and 

thick, weighs 7.56 cwt. Determine the weight, in 
pounds, of a cubic foot. 

It will be remembered that a cord is a pile 8 ft. long, 4 ft. wide, 
and 4 ft. high. 

21. How many cords in a pile of wood 40 ft. long, 4 ft. wide, 

5 ft. 4 in. high ? 

22. A pile of wood containing 67} cords is 270 ft. long, and 

4 ft. wide. How high is it ? 

23. What will be the cost of a pile of wood 25 ft. long, 4 ft. 

wide, 4 ft. 8 in. high, at $3.75 a cord? 

24. What must be the length of a load of wood 3} ft. high 

and 5 ft. wide, to contain a cord ? 

25. How high must manure be in a cart 6 ft. by 4 ft., in 

order to be £ a cord ? 

Capacity or Bnrs and Cistebns. 

It will be remembered that the standard bushel of the United 
States contains 2150.42 cnbic inches ; and the standard liquid gallon 
231 cubic inches. 

Ex. Find the number of bushels in a bin that is 6 ft. long, 

5 ft. wide, 4 ft. deep. 

6x5x4 = 120; 

120 cu. ft. = 120 X 1728 cu. in. - 207,360 cu. in. 
207,360 cu. in. -*- 2150.42 cu. in. = 96.4. 
Therefore, the bin will hold 96.4 bu. 
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Note. Since a bushel contains 2150.42 en. in., and a cubic foot 
1728 cu. in., a bushel contains 1J cu. ft., nearly. Hence, practically, 
any number of cubic feet diminished by £ of itself will represent an 
equivalent number of bushels. 

And any number of bushels increased by \ of itself will represent an 
equivalent number of cubic feet. 

Thus, if a bin contain 120 cu. ft., 120 - \ of 120 = 96, the number 
of bushels the bin will hold. 

And, if a bin will hold 96 bu., 96 + \ of 96 = 120, the number of 
cubic feet in the bin. 

26. Find the number of bushels in a bin that is 8 ft. long, 

4 ft. wide, 3 ft. deep. 

27. Find the number of bushels in a bin 9 ft. long, 6 ft. 6 in. 

wide, 3 ft. 4 in. deep. 

28. Find the depth of a bin to hold 360 bu., if its length be 

12 ft. and its width 6 ft. 

29. Find the length of a bin that is 6 ft. wide and 5 ft. 

deep, if it hold 400 bu. 

30. Find the number of bushels that will fill a bin 8.5 ft. 

long, 4.5 ft. wide, 3.5 ft. deep. 

31. A bin 20 ft. long, 12 ft. wide, and 6 ft. deep, is full of 

wheat. What is its value, at $ 1.25 a bushel? 

32. If a ton of coal occupy 40 cu. ft., how many tons will a 

bin hold that is 21 ft. long, 10 ft. wide, 5 ft. deep ? 

33. If a ton of Lehigh coal occupy 35 cu. ft., how many tons 

will a bin hold that is 8 ft. long, 5 ft. 9 in. wide, 4 ft. 
6 in. deep ? 

Ex. How many gallons will a cistern hold that is 5 ft. square 
and 6 ft. deep ? 

5 x 5 x 6 = 150 ; 

150 cu. ft. = 150 x 1728 cu. in. = 259,200 cu. in. 
259,200 cu. in. + 231 cu. in. = 1122^. 
Therefore, the cistern will hold 1122^ gals. 

34. Find the number of gallons that a cistern will hold that 

is 13 ft. long, 6 ft. wide, 7 ft. 4 in. deep. 
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35. Find the number of gallons that a tank will hold that 

is 4 ft. long, 2 ft. 8 in. wide, 1 ft. 8 in. deep. 

36. Find the number of gallons in a cubic foot. 
Note. In practice, 7£ gallons are allowed for a cubic foot. 

37. Find the capacity of a cistern, in cubic feet, that will 

hold 200 barrels of water. 

It is to be observed that the capacity of a round cistern is found by 
multiplying the area of the base by the depth. 

38. Find the number of gallons that a round cistern will 

hold that is 6 ft. in diameter and 7 feet deep. 

39. Find the number of gallons that a vessel will hold that 

is 12 in. in diameter and 10 in. deep ? 

40. How many quarts will a round vessel hold 5i in. in 

diameter and 6 in. deep ? 

It will be remembered that the capacity of a sphere is found by 
multiplying the cube of the diameter by .5236 (£ of 3.1416). {j 211. 

41. Find the number of cubic inches in a sphere 11 in. in 

diameter. 

42. How many quarts will a sphere hold that is 12 in. in 

diameter ? 

43. What part of a bushel will a hemispherical bowl hold 

that is 13 in. in diameter ? 

44. If a cubical box 2 ft. on an edge contain a solid sphere 

2 ft. in diameter, how many gallons of water can be 
poured into the box ? 

45. If 64 qts. of water be poured into a vessel that will 

hold 2 bu. of wheat, what part of the vessel will be 
filled ? 

Specific Gravity. 

It will be remembered that the specific gravity of any substance is 
the number of times the weight of the substance contains the weight 
of an equal bulk of water. J 212. 

One cubic foot of water weighs 1000 ounces avoirdupois. 



i 
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46. Find the number of cubic inches in 1 oz. (av.) of water. 

47. Find the weight in ounces (av.) of 1 cu. in. of water. 

48. Find the weight in ounces (av.) of 1 pt. of water. 

49. Find the number of pints in 1 lb. of water. 

50. Find the weight, in grains, of 1 cu. in. of water. 

5L Find the specific gravity of a bar of iron 5 in. long, and 
2 in. square, if it weigh 5 lbs. 

52. Find the specific gravity of a bar of iron 18 in. long, 2i 

in. wide, 1£ in. thick, if it weigh 18 lbs. 9 oz. 

53. Find the number of cubic inches to the pound of iron, 

if its specific gravity be 7.48. 
64. Find the number of cubic inches in 2 lbs. 6} oz. of gold, 
if its specific gravity be 19.36. 

55. How many pounds does a boy lift in raising a cubic foot 

of stone under water, if its specific gravity be 2J ? 

56. A square-built scow 12 ft. long, 6J ft. wide, sinks 5 in. 

in water. What does it weigh, and how many pounds 
will be required to sink it 7 in. deeper? 
67. A square-built scow 11 ft. long, 5i ft. wide, weighs 320 
lbs. and is loaded with 750 lbs. of stone. How deep 
will it sink in the water ? 

58. How many tons of ice, specific gravity .93, can be packed 

in a building 50 ft. long, 40 ft. wide, 20 ft. high ? 

59. If an iceberg weigh .9 of an equal bulk of sea- water, 

how many cubic yards in an iceberg 40 rds. long, 6 
yds. wide, and rising 160 ft. out of the sea ? 

60. If a cubic foot of brick wall weigh 90 lbs. and contain 

22 bricks, with the mortar, what is the weight and 
the specific gravity of a brick and its share of mortar. 

61. What is the weight of a brick wall 40 ft. long, 20 ft. 

high, and 1 ft. thick, if the specific gravity of a brick 
with its mortar be 1.46; and how many thousand 
bricks will be required for the wall, allowing 22 for 
a cubic foot ? 
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Table of Equivalents. 



Meter 
Kilometer 



39.37043 in. 
1.09362 yds. 
0.62138 mi. 



Length. 



Inch 
Yard 
Mile 



2.53998 «». 

.91439™. 

1.60933 km. 



Sq. meter 
Hektar 



-i 



Surface. 



1550.031 sq. in. 
1.19601 sq. yds. 
2.47110 A. 



Sq. inch 
Sq. yard 
Acre 



6.45148 *» 
0.83611<i m . 
0.40468 K 



Volwmt. 



Cu. centimeter = 0.06103 cu. in. 
Cn. meter = 1.30799 cu. yds. 
Ster -=0.27590 cord. 



Cu. inch 
Cu. yard 
Cord 



16.38662««. 
0.76453 <*m. 
3.62446"*. 



Capacity. 



Liter — 1.05671 liquid qts. 
=» 0.90810 dry qts. 



Liquid quart 
Dry quart 



0.94633'. 
1.101191. 



Weight. 



Milligram 
Gram 
Kilogram 
Metric ton 



.015432 grs. 
15.43235 grs. 
2.20462 lbs. av. 
2204.62 lbs. av. 



Grain 
Ounce av. 
Ounce troy 
Pound av. 



0.06480*. 
28.34954 K. 
31.103508. 

0.45359 kg. 
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Approximate Equivalents. 



Meter 


= 1.1 yds. 


Yard 


= .9 m . 


Kilometer 


= i mi. 


Mile 


= 1.6**. 


Sq. meter 


= li sq. yds. 


Sq. yard 


= jqm. 


Hektar 


= 2iA. 


Acre 


_fh. 


Cu. centimetei 


■ = ^ cu. in. 


Cu. inch 


= 16 cca . 


Cu. meter 


=-1.3 cu. yds. 


Cu. yard 


= JJ cta ». 


Ster 


=» ^ cord. 


Cord 


= 3$*. 


Liter 


= lfo liq. qts. 


Liquid quart 


-Jfi. 




- A dr y qts- 


Dry quart 


-Hi 


Hektoliter 


=- 2f bu. 


Bushel 


-A* 1 . 


Gram 


- 15} grs. 


Pound av. 


-**■ 


Kilogram 


- 2J lbs. av. 


Pound troy 


= A k «- 



These tables are given for reference, and not to be committed 
to memory. It may be well, however, to keep in mind that a meter 
is 39.37 in. ; a square meter is (39.37)* = 1550 sq. in. ; a cubic meter 
is (39.37) 3 = 61,025 cu. in. ; a liter is 1.0567 liquid qts. ; and .908 dry 
qts. ; and that a gram is 15.432 grs. ; as by these equivalents all 
measures expressed in one system may be converted into measures of 
the other. 

In solving the following examples the student will take his equiv- 
alents from the table, taking three places of decimals, or four when 
the first decimal figure is zero, and add one to the last decimal figure 
when the next is & or more. 

(1) Reduce 25.55** to avoir- (2) Reduce 5 sq. yds. 6 sq. ft. 

108 sq. in. to square 
meters. 

5 sq. yds. 6 sq. ft. 108 sq. in. 

= 5.75 sq. yds. 

.836*° =-1 sq.yd. 
5.75 
4180 
5852 
4180 



dupois weight. 

2.205 lbs. -lkg. 
25.55 
11025 
11025 
11025 
4410 
56.33775 lbs. 

16 

202650 
33775 
5.40400 oz. 56 lb. 5.4 oz. Ans. 



4.80700 



4.807 * m . Ans. 
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■d j Exercise LXI. 

Reduce : 

1. 24 gals, to liters. 5. 12 A. 12 rds. to hektars. 

2. 10 lbs. troy to kilograms. 6. 10 cords to sters. 

3. 50.5 cu. yds. to cu. meters. 7. 4 cwt. 24 lbs. to kilograms. 

4. G9-j^ mi. to kilometers. 8. 25 bu. 2pks. to hektoliters. 

Reduce to the common system : 

9. IP". 12. 101.25 1 . 15. 24*. 

10. 3 ta . 13. 20.25 u . 16. 62.5*». 

11. 12.125 cbm . 14. 5** to troy weight. 

17. 1001** to avoirdupois weight. 



18. Find in acres, etc., the area of a field if its length be 

100 m and breadth 75 m . 

19. Determine the number of cubic meters in a box 2 yds. 

long, 3 ft. wide, 2\ ft. deep. 

20. Determine the number of cubic yards in a box 2 m long, 

75 CBa wide, 50*° deep. 

21. If a man walk 75 m a minute, what is his rate in miles 

per hour ? 

22. If cast-iron weigh 7.113* per cubic centimeter, how 

many pounds does a cubic foot weigh ? 

23. How many steps 2 ft. 6 in. long will a man take in 

walking a kilometer ? 

24. Find the value of a carboy (17 qts.) of sulphuric acid, 

of 1.841 specific gravity, at 21 cents a pound. 

25. Find the value of a carboy (17J 1 ) of nitric acid, of 1.451 

specific gravity, at 15 cents a pound. 

26. Find the weight in pounds and in kilograms of 31i 

gals, of the best alcohol, specific gravity .792. 

27. If the specific gravity of sea- water be 1.026, and that 

of olive-oil be .915, what will be the weight of a hek- 
toliter of each in pounds and in kilograms ? 
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28. Find the weight in pounds and in kilograms of the air, 

specific gravity .00129206, in a room 7 m by 5 m , and 
3.5 m high. 

29. Find the weight in pounds and in kilograms of the air, 

specific gravity .00129206, in a room 23 ft. long, 16 
ft. wide, and 10 ft. high. 

30. If a balloon weigh 2**, and contain 10,000* of hydrogen 

gas, specific gravity .00008929, what is its lifting 
force in kilograms and in pounds when the air has a 
specific gravity of .00129206 ? 

Note. The lifting force = the weight of 10,000 l of air diminished 
by the weight of the hydrogen and balloon. 

31. If a pile of wood be 1.2 m wide, 7 m long, and 2 m high, 

how much is it worth, at $4.50 a cord? 

32. How many miles will be travelled in 1 hr. 28 min. 21 

sec, at the rate of bOF* an hour? 

33. Find the time of travelling 31 mi. 180 yds. at 1 min. 

25 sec. per kilometer. 

34. What is the weight of 12 cu. yds. 16 cu. ft. 720 cu. in. 

of earth of which a cubic meter weighs 1 t. 17 cwt. ? 

35. Find the weight in grams of a liter of mercury, of which 

a cubic inch weighs .4925 of a pound avoirdupois. 

36. How many yards of cloth, at $3.12 J a meter, should be 

given in exchange for 15 m at $2.75 a yard? 

37. If a wine merchant buy 3 W of wine for 1600 francs, at 

what rate, United States money, does he pay a gal- 
lon, reckoning 25 francs equal to $4.85 ? 

38. A mill-wheel is turned by a stream of water running at 

the rate of a yard per second in a channel 5 ft. wide 
and 9 in. deep. Determine the weight of water in 
metric tons, supplied in 12 hrs., if a cubic foot of 
water weigh 1000 oz. 



CHAPTER XV. 

PROPORTION. 

323. The relative magnitude of two numbers is called 
their ratio, and is expressed by the fraction which the first 
is of the second. 

324. The terms of this fraction are called the terms of 
the ratio ; the numerator is called the antecedent ; the de- 
nominator is called the consequent. 

Thus, the ratio of 2 to 3 is expressed by }, of which the numerator 
2 is the antecedent, and the denominator 3 is the consequent. 

325. The ratio -J is often written, 2:3. 

326. If both terms of a ratio be multiplied or divided by 
the. same number, the ratio is not altered. 

Thus, if both terms of the ratio 2 : 3 be multiplied by 4, the result- 
ing ratio is 8 : 12, and the ratio 8 : 12 is equal to the ratio 2:3; for, 
■j^ = J. Again, if the ratio 2\ : 3 J be multiplied by 6, the resulting 

2 1 
ratio is 15 : 20, and the ratio 2\ : 3J is equal to 15 : 20 ; for, ^ = £$. 

Since JJ reduced to its lowest terms = J , the simplest expression for 
the ratio of 2 J : 3 J is 3 : 4. 

327. If the numerator and denominator of a fraction be 
interchanged, the fraction is said to be inverted; likewise, 
if the antecedent and consequent of a ratio be interchanged, 
the resulting ratio is called the inverse of the given ratio. 

Thus, if the fraction f be inverted the resulting fraction is J ; and 
the inverse of the ratio 3:4 is 4:3. 
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328. If two quantities be expressed in the same unit, their 
ratio will be the same as the ratio of the two numbers by 
which they are expressed. 

Thus, the quantity $5 is the same fraction of $11 as 5 is of 11. 

329. Since ratio is simply relative magnitude, two quan- 
tities different in hind cannot form the terms of a ratio. 

330. Two quantities the same in kind must be expressed 

in a common unit before they can form the terms of a ratio. 

Thus, no ratio exists between 5 tons and 30 days; and the ratio of 
5 tons to 3000 pounds can be expressed only when both quantities are 
written as tons or pounds. 

331. Ratios are mere numbers, and may be compared. 

Ex. Which is the greater ratio, 5 : 7 or 12 : 18 ? 

5:7 = f, and 12:18 = {} = f . 

Now * = Ji and J = if . 

As Jf is greater than Jf , 

the ratio 5 : 7 is greater than the ratio 12 : 18. 

Exercise LXII. 

Which is the greater ratio : 

1. 5:8or6:9? 5. lOcwt. : 15cwt. or $7 : $9? 

2. 7 : 10 or 9 : 12 ? 6. 5 dys. : 7 dys. or 8ft. : 11 ft. ? 

3. 8 : 9 or 10 : 12 ? 7. 9yds. : 6yds. or 5 : 3 ? 

4. 6: 12 or 8: 14? 8. £ lb. : £ lb. or £ yd. : £ yd. ? 

332. When two ratios are equal the four terms are said 
to be in proportion, and are called proportionals. 

Thus, 5, 3, 15, 9 are proportionals ; for 5 : 3 = 15 : 9, since each of 
these ratios is represented by the fraction -J. 

333. A proportion is also written by putting a double 
colon between the ratios. Thus, 5 : 3 = 15 : 9 (read 5 to 3 
= 15 to 9), may be written 5 : 3 : : 15 : 9 (read 5 is to 3 as 
15 is to 9). 
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334. The first and last terms of a proportion are called 
the extremes, and the two middle terms are called the means. 

335. Test of a proportion. When four numbers are pro- 
portionals, the product of the extremes is equal to the 
product of the means. 

This is seen to be true by expressing the ratios in the 

form of fractions, and multiplying both by the product of 

the denominators. 

Thus, the proportion 5 : 3 : : 15 : 9 may be written J = if- ; and if 
both be multiplied by 3 x 9, the result will be 5 x 9 = 3 x 15. 

336. Either extreme, therefore, will be equal to the prod- 
uct of the means divided by the other extreme ; and either 
mean will be equal to the product of the extremes divided 
by the other mean. Hence, if three terms of a proportion 
be given, the fourth may be found. 

(1) What number is to 4 as 3 is to 6 ? 

mt _. , ,, What number 3 
This may be written = - ? 

J 4 6 

Multiply both sides of the equation by 4. 

4x3 
The result is, What number = — - — ? 

(2) 20 is to 24 as what number is to 30 ? 

ml _. i ., 20 What number, 
This may be written -- = — ? 

J 24 30 

Multiply by 30, 20x30 = Whafc nnmber ? 

Answer, 25. 

(3) 18 is to 32 as 45 is to what number ? 

This may be written — = ° 



Answer, 2. 



32 What number 

As these fractions are equal, their reciprocals are equal ; 

,, , • 32 What number , 

that is, — = » 

' 18 45 

Multiply by 45, 32 X 45 = What number ? 

18 

Answer, 80. 



\ 
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337. When three terms of a proportion are given, the 
method of finding the fourth term is called the Bule of Three. 

It is usual to arrange the quantities (that is, to state the 
question), bo that the quantity required for the answer may 
be the fourth term. Hence, the quantity which corresponds 
to that of the required answer must be the third term. 

(1) If 5 tons of hay cost $87.50, what will 21 tons cost? 

Since the cost of 21 tons is required, $ 87.50 is the third term. 

Since 21 tons will cost more than 5 tons, 21 tons is the second 
term and 5 tons the first term. 

That is, 5 tons': 21 tons : : $87.50 : What quantity ? 

A difficulty presents itself here, inasmuch as no meaning can 
be given to the product of the means ($87.50 multiplied by 21 
tons). Since, however, the ratio of 5 tons : 21 tons = the ratio 
of 5 : 21, the ratio 5 : 21 may be substituted for 5 tons : 21 tons. 

Then, 5 : 21 : : $ 87.50 : What quantity ? 

Thatis, What quantity - 21 >< f 7 " 50 ? ^^ f 367 . 50 . 

(2) When a post 11.5 ft. high casts a shadow on level 

ground 17.4 ft. long, a neighboring steeple casts a 
shadow 63.7 yds. long. How high is the steeple? 

Height is required ; the height 11.5 ft. is therefore the third 
term. 

Since the shadow of the steeple is the longer, the height of the 
steeple must be the greater ; therefore, the second term must be 
the greater of the two remaining quantities expressed in the 
same unit. 63.7 yds. = 191.1 ft. 

Shadow. Shadow. Height. Height 

17.4 ft. : 191.1 ft. : : 11.5 ft. : What? 
or, 17.4 : 191.1 :: 11.5 ft. : What ? 

That is, height of steeple = 19U X 1L5fi = 126.3 ft. Am. 

(3) If -J of a peck of oats weigh - 2 7 ^ of a pound, what will f 

of a bushel weigh ? 

$ of a peck = f of J bu. = j 1 ^ bu. ; -^ : f : : - 2 7 3 - lbs. : What ? 
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That is, the weight of $■ bu. = \ k *f- lbs. + ^ 

= f X ^ x V ^8. = 37JJ lbs. 

The beginner will find it of advantage to state the problem thus : 

^ of a bushel weighs *f- lbs. 

Will f of a bushel weigh more than T ^ bu. or less f 

If the answer to the question be more, the larger number is to be 
the second term ; if less, the smaller number is to be the second term, 
and the remaining number to be the first term. 

Hence, in solving problems by the Rule of Three, 

338. Make that quantity which is of the same kind as the 
required answer the third term. 

The numbers by which the other two quantities are ex- 
pressed, when expressed in a common unit, will be the first 
and second terms. 

If, from the nature of the question, the answer will be 
greater than the third term, make the greater of these two 
numbers the second term ; if less, make the less the second 
term, and the remaining number the first term. 

Divide the product of the second and third terms by the 
first term, and the quotient will be the answer required. 

Exercise LXIII. 

1. If 24 men can finish some work in 14 days, how long 

will it take 21 men to do it ? 

2. A well is dug in 13 days of 9 hours each. How many 

days of 10 hours each would it have taken ? 

3. A man who steps 2 ft. 5 in. takes 2480 steps in walking 

a certain distance. How many steps of 2 ft. 7 in. will 
be required for the same distance ? 

4. If -j^- ton cost $6, what will 7-jj- cwt. cost, at the same 

rate? 

5. If 42 yds. of carpet 2 ft. 3 in. wide are required for 

a room, how many yards 2 ft. 4 in. wide will be 
required ? 
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6. A court was paved with 950 stones, each 1$ sq. ft., and 

is re-paved with 836 stones of a uniform size. Find 
the size of each. 

7. If a train, at the rate of ^ of a mile per minute, take 

3^ hours to reach a station, how long will it take at 
the rate of -fa of a mile a minute ? 

8. If a post 4 ft. 8 in. high cast a shadow 7 ft. 3 in. long, 

how long a shadow will a post 11 ft. high cast? 

9. When a shadow 8 ft. 5 in. long is cast by a post 5 ft. 

7 in. high, how high is a steeple that casts a shadow 
of 211 ft. at the same time ? 

10. If 4 men can mow a certain field in 10 hours, how many 

men will it take to mow it in 5 hours ? 

11. A tap discharging 4 gals, a minute empties a cistern in 

3 hours. How long will it take a tap discharging 
7 gals, a minute to empty it ? 

12. A pipe discharging 3 gals. 1 pt. a minute fills a tub in 

4 min. 20 sec. How long will it take a pipe dis- 
charging 83 qts. a minute to fill it? 

13. If both pipes of Ex. 12 discharge at the same time into 

the tub, how long will it take to fill it ? 

14. How long will it take to fill a cistern of 165 gals, by a 

pipe that fills one of 120 gals, in 7 min. 16 sec. ? 

15. A ship has sailed 1800 mi. in a fortnight. How long, 

at the same rate, will it take for a voyage of 5000 mi. ? 

16. The wheels of a carriage are 6 ft. 9 in. and 9 ft. 6 in. in 

circumference. How many times will the larger turn 
while the smaller turns 3762 times ? 

17. If t^ of a ship be worth $2167, what is the value of -fa 

of it? 

18. What will be the weight of 18 cu. ft. 432 cu. in. of stone 

of which 10 cu. ft. 864 cu. in. weigh 14 cwt. 7 lbs. ? 

19. If 280 lbs. of flour make 360 lbs. of bread, how many 

four-pound loaves can be made from 1 cwt. of flour ? 
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20. If a column of mercury 27.93 in. high weigh .76 of a 

pound, what will be the weight of a column of the 
same diameter 29.4 in. high ? 

21. How many francs will pay a bill of £100, when £42 

10 8. 8d. is equivalent to 1090.98 francs? 

22. What will be the weight of a cube whose edge is 2 ft. 

2 in., when a cube of the same material whose edge is 
1 ft. 4 in. weighs 537.6 lbs. ? 

23. If a square field measuring 50 yds. 10^ in. on each side 

be worth <j>2710-J-^, what is the value of a square field 
62 yds. 1 ft. each way ? 

24. A gains 4 yds. on B in running 30 yds. How much 

will he gain while B is running 97 J yds. ? 
26. If 10 cu. in. of gold weigh as much as 193 cu. in. of 
water, what is the size of a nugget weighing as much 
as a cubic foot of water ? 

26. If a garrison of 1500 men have provisions for 13 months, 

how long will the provisions last if it be increased by 
700 men ? 

27. If a tree 38 ft. high be represented by a drawing 1£ in. 

high, what, on the same scale, will represent the 
height of a house 45 ft. high? 

28. If a country 630 mi. long be represented on a raised 

map by a length of 5-$- ft., by what height ought a 
mountain of 15,750 ft. be represented on the map ? 

29. A train travels \ of a mile in 18 sec. How many miles 

an hour does it travel ? 

30. If 4£ tons of coal fill a bin 9 ft. long, 5 ft. broad, 5 ft. 

high, how many cubic feet will be required for the 
coal of a steamer carrying 3 weeks' consumption at 
20 tons a day ? 

31. If 2 lbs. of rosin be melted with 5 oz. of mutton tallow, 

to make a grafting wax, how many ounces of tallow 
will 20 oz. of the wax contain ? 
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Compound Proportion. 

339. A ratio is said to be compounded of two or more 
given ratios, when it is expressed by a fraction which is the 
product of the fractions representing the given ratios. 

Thus, the ratios 2: 3 and 7: 11 are represented by the fractions 
J and -fa ; and the ratio 14 : 33, which is represented by Jf (the prod- 
uct of f and ^y), is said to be compounded of the ratios 2 : 3 and 7:11. 

340. A proportion which has one of its ratios a compound 
ratio is called a compound proportion. 

In stating problems in compound proportion the quantity 
which corresponds to the answer required is made the third 
term. Each pair of the remaining quantities is then con- 
sidered separately with reference to the answer required. 
The process will be understood by the following example : 

Ex. If 4 men mow 15 acres in 5 days of 14 hours, in how 
many days of 13 hours can 7 men mow 19} acres? 
As the answer is to be in days, make 5 days the third term. 

I. Will it require more days for 7 men to mow 15 acres than it did 
for 4 men ? Evidently, less. 

Therefore, make 7 the first term and 4 the second. 

II. Will it require more days for the same number of men to mow 
19} acres than it did to mow 15 acres ? Evidently, more. 

Therefore, make 15 the first term and 19} the second. 

III. Will it require more days of 13 hours for the same number of 
men to mow the same number of acres than it did of 14 hours? 
Evidently, more. 

Therefore, make 13 the first term and 14 the second. 

Hence, the statement is : 



7 

15 
13 



4 

19.5 : : 5 days : what ? 

14 



As the fourth term is obtained by dividing the product of the 
numbers on the right of the vertical line by the product of the 
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numbers on the left, the work may be shortened by cancelling. 
Thus: 



7 

19 

9 %9 n 



4 1 day 

J?.? J.£:: ?days: what? 



Cancel the factor 7, in 7 and 14, and set the 2 at the right of 14. 
Cancel the factor 15, in 15 and 19.5. 
Cancel the factor 1.3, in 1.3 and 13. 
Cancel the factor 2, in 2 and 10. 

Cancel the factor 5, in 5 and in 5 days, which leaves 1 day to be 
multiplied by 4. 

Therefore, the answer is 4 days. 

Exercise LXIV. 

1. How many days 8 hours long will 60 men take to finish 

some work which 24 men can do in 15 days, working 
10 hours a day? 

2. What will be the expense of covering a room with drug- 

get 4 ft. wide, at 91$ cts. a yard, when carpet 2 ft. 3 
in. wide for the room costs $70.50, at $1.37}- a yard? 

3. If 4418 tons of iron ore produce $36,190 worth of metal, 

when iron is at $37.50 a ton, what will be the value 
of the iron from 2275 tons of ore, at $47 a ton? 

4. If a bar of iron 3$ ft. long, 3 in. wide, 2 J in. thick weigh 

93 lbs., what will be the weight of a bar 3$ ft. long, 
4 in. wide, and 2£ in. thick? 

5. If 40 bu. of wheat can be grown on the same area as 48 

bu. of barley, and 28 acres produce 840 bu. of wheat, 
how much barley will be obtained from 38 acres? 

6. If 18 men can dig a trench 150 ft. long, 6 ft. broad, and 

4 ft. 6 in. deep in 12 days, how long wiiri6 men take 
for a trench 210 ft. long, 5 ft. broad, and 4 ft. deep? 
In the reprint of a book consisting of 810 pages, 50 lines 
are contained in a page, instead of 40, and 72 letters 
in a line instead of 60. Of how many pages will the 
new edition consist? 



ft 
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8. If 3280 42-lb. shot cost $3000, how many 32-lb. shot 

can be bought for $ 4200 ? 

9. What must be the rate of wages, that 12 men may earn 

in 10 days the same amount that 9 men earn in 14 
days, at $1.50 a day ? 

10. A reservoir 15 yds. long and 4 ft. deep holds 32,500 

gals. Determine the quantity of water it will hold 
when it has been increased in length by 18 ft. and in 
depth 1 ft. ? 

11. How far can A, who takes 3.1 ft. each step, run, while 

B, who takes 2.3 ft. each step, runs 220 yds., if A 
takes 7 steps while B takes 11 ? 

12. If 6 hours be required for travelling a given distance 

at a given rate, how long will be required when the 
distance is diminished by one-fourth and the rate is 
increased by one-half? 

13. How many hours a day must 5 men work to mow the 

same quantity of grass in 8 days that 7 men can mow 
in 6 days, working 10 hours a day ? 

14. If a bar 10 ft. 6J in. long. 3| in. broad, 3J in. thick 

weigh 4 cwt. 8.23 lbs., what length must be taken to 
weigh a long ton when the breadth and thickness are 
41 in. and 4 J in. respectively ? 

15. If 27 men, in 28 days of 10 hours each, dig a trench 

126 yds. long, 2} yds. broad, 1} yds. deep, how long 
a trench 2} yds. broad, 1} yds. deep, will 56 men 
dig in 25 days of 81 hours ? 

16. What must be the length of a bar of silver J in. square, 

that it may weigh the same as a bar of gold £ in. 
square and 6 1 in. long, if the weight of a cubic inch 
of silver have to that of a cubic inch of gold the ratio 
47:88? 

17. If it take 34** of wool to make 25 m of cloth .6 m wide, how 

long a piece of cloth .8 m wide can be made from 
108.8* of wool ? 
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ia An oak beam 5.40 m long, .63 m thick, and .57 n wide 
weighs 1469.25**, find the weight of a beam whose di- 
mensions are 4.87 m , .58 m , .53 m . 

Note. The " coefficient of expansion " of a body is the increase of 
the unit of volume of the body when the temperature is increased one 
degree. For air, this coefficient is .00367. That is, a cubic foot of 
air at zero will occupy at 1° C. a volume equal to 1.00367 cu. ft. if al- 
lowed to expand, the pressure remaining the same. 

19. A certain quantity of air has a volume of 195.5 cu. ft. 

at 27.8°. What will be its volume at 100° ? 

Note. The volumes occupied by the same quantity of air, the tem- 
perature remaining unchanged, are in inverse ratio to the pressures. 

20. A quantity of air at a temperature of 15.6° C. has a vol- 

ume of 4 cu. ft. under a pressure of 12 lbs. to the 
square inch. What will be its volume at a tempera- 
ture of 48.7° C, and under a pressure of 14 lbs. to 
the square inch ? 

Proportional Parts. 

341. If it be required to divide a quantity into parts 
proportional to 3, 4, 5 ; the numbers 3, 4, 5 may be taken 
as representatives of the parts, and then the whole quantity 
will be represented by 3 -f- 4 + 5 ; that is, by 12. 

(1) Divide $391 into parts proportional to the numbers 5, 
7, and 11. 

The whole quantity will be represented by 5 + 7 + 11 = 23. 
Therefore, the respective parts will be, -fa, ^, JJ of $391. 
That is, $85, $119, $187. Am. 
Or, the parts of the quantity may be found by the proportions : 

23:5::$391:? 
23:7::$391:? 
23: 11:: $391:? 

In which the required terms will be $85, $119, and $187 
respectively. 
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(2) Divide $248 into parts proportional to the fractions -j^, 

Multiply the fractions by 150, the L.C.M. of their denomina- 
tors. The results are 15, 10, 6. Hence, the parts will be 
represented by the numbers 15, 10, 6, and the whole by 31. 

Therefore, the respective parts will be £f, J£, -fa of $248. 

That is, $ 120, $80, $48. Am. 

Exercise LXV. 

1. Divide $12,000 proportionally to the numbers 3, 4, 5. 

2. Divide 815 tons proportionally to £, f , f , $. 

3. Divide 6853 lbs. of wool proportionally to If, 2£, 5$ ; 

and also proportionally to the reciprocals of these 
numbers. 

4. Two persons join in purchasing some property, one 

paying $1250 and the other $1000. If the prop- 
erty rise in value to $3600, what will be the value 
of each one's share? • 

6. Gun-metal is composed of 3 parts (by weight) of tin to 
100 parts of copper. What weight of each of these 
metals will there be in cannon weighing 721 lbs. ? 

6. Bell-metal contains 78 parts copper and 22 parts tin. 

What weight of each of these metals will there be in 
a bell weighing 937 lbs. ? 

7. It takes 75** of saltpeter, 12.5* of charcoal, and 12.5 kg 

of sulphur to make 100 kg of powder. How much of 
each of these substances will be required to make 
10,000,000 cartridges, each containing 5 g of powder ? 

8. Yellow copper contains 2 parts of red copper and 1 part 

zinc. How many ounces of red copper are there in 
an article weighing 1 lb. made of yellow copper ? 

9. Type-metal is made of an alloy containing 39 parts of 

lead to 11 parts antimony. How many pounds of each 
will be required to make 957 lbs. of type ? 
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10. Plumber's solder contains 2 parts lead and 1 part tin. 

How much of each of these in 100 lbs. of solder ? 

11. The air is composed of oxygen and nitrogen. In 100 

volumes of air there are 21 volumes of oxygen and 79 
of nitrogen. Reckoning the weight of a liter of oxy- 
gen to be 1.4295*, that of a liter of nitrogen 1.2577*, 
find the number of grams of each gas in 100* of air. 

12. What is the value of the gold in a chain weighing 3 oz. 

4 dwt., supposing it to be 18 carats fine (that is, 18 
parts of pure gold out of 24), at $19 an ounce? 

Partnership. 

342. Partnership is separated into simple and compound. 
In simple partnership the capital of each partner is invested 
for the same time. In compound partnership the time for 
which the capital of each partner is invested is taken into 
account, as well as the amount of the capital ; and the divi- 
sion of profits and losses is made proportionally to the 
amount of the capital and the time it is invested. 

Exercise LXVI. 

1. Arnold and Baker enter into partnership. Arnold puts 

in $6000 for 8 months, and Baker $4000 for 6 months. 
Their profits are $2000. What is each man's share ? 

Note. Since the use of $ 6000 for 8 months is equivalent to the 
use of $48,000 for 1 month; and the use of $4000 for 6 months is 
equivalent to the use of $ 24,000 for 1 month, their profits must be 
divided in the ratio 48,000: 24,000. 

2. Dobson furnishes the firm of Dobson & Fogg with $5000 

for 13 months ; Fogg furnishes $ 7000 for 9 months. 
Their profits are $1700. What is the share of each? 

3. In a business speculation, A furnishes $800, and after 

3 months $250 more ; B furnishes $950, and at the 
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end of 2 months withdraws $200; C furnishes $650, 
and at the end of 6 months $400 more. At the end 
of a year they realize a profit of $2516. How shall 
it be divided among them ? 

4. Two partners, A and B, begin business with capitals of 

$3500 and $8700, and A is to have .12 of the profits 
for managing the business. How shall a profit of 
$1906.25 be divided between them? 

5. A puts $2100 into a business, and B $1750. At the 

end of a year each puts in $700 more, and C joins 
them with $2500. At the end of 18 months from 
this time how shall a profit of $2166.50 be divided? 

6. Three graziers hire a pasture, for which they pay 

$132.50. One puts in 10 oxen for 3 months, another 
12 oxen for 4 months, and the third 14 oxen for 2 
months. How much of the rent ought each to pay ? 

7. A begins business, with a capital of $2400, on the 19th 

of March ; and on the 17th of July admits B as a 
partner, with a capital of $1800. Dec. 31 the 
profits are $943. What is the share of each? 

8. A and B join capitals in the ratio 7 : 11. At the end 

of 7 months A withdraws -J- of his, and B £ of his ; 
and, after 11 months more, they divide a profit of 
$ 5148.50. What is the share of each ? 

9. Divide £65 9 s. among three persons, so that the first 

may have as many half-crowns as the second has shil- 
lings ; and the second as many guineas as the third 
has pounds. 
10. Two partners begin business each with a capital of 
$2000. A adds $500 at the end of 2 months, and 
$500 more at the end of 7 months ; B adds $800 at 
the end of 3 months. What is the share of each, at 
the year's end, of a profit of $3605.25? 



CHAPTER XVI. 

PERCENTAGE. 

343. In considering the increase or decrease in quantities, 

it is usual to employ, as a common standard of reference, 

the number 100. 

Thus, if the population of a town at one census were 1200, and at 
the next 1500, the increase would be 300 in 1200 ; that is, 25 in every 
100 ; or, as it is generally expressed, 25 per cent. 

344. The symbol % is used for the words per cent. 

345. The representative number resulting after an in- 
crease has taken place will be 100 + increase per cent; 
and after a decrease has taken place will be 100 — de- 
crease per cent. 

346. The representative numbers in any particular case 
may be changed to quantities by applying them all to the 
same unit of quantity. 

Thus, if gunpowder be said to contain 75% of saltpetre, the 
meaning is, that if the number 100 be taken as the representative 
of the whole weight, the number 75 will represent the weight of 
saltpetre in it ; and if the numbers be applied to any unit of weight, 
as a pound, the meaning will be, that 100 lbs. of gunpowder will 
contain 75 lbs. of saltpetre. 

(1) Ten years ago the population of a city was 26,275, 
and has increased 20%. What is its present pop- 
ulation ? 



J 
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If 100 be taken to represent the population ten years ago, 
100 + 20 will represent the present population. 

Therefore, the present population will be ±%% of 26,275 = 
31,530. Am. 

(2) Ten years ago the population of a city was 26,275 ; its 

present population is 31,530. Determine the in- 
crease per cent. 

31,530-26,275 = 5255, actual increase. 
Since the increase on 26,275 is 5255, the increase on 100 is 
ji«^ of 5255 = 20. 
The increase, therefore, is 20%. Am. 

(3) A town, after decreasing 11%, has 4539 inhabitants. 

Find its number at first. 

If 100 be taken to represent the population at first, 100— 11 
= 89, will represent the present population. 

Therefore, the population at first was -^ of 4539 = 5100. Am. 

(4) In a certain school there are 200 girls, and the girls 

are 40% of the whole number of pupils. How 
many pupils in the school? 

If 100 be taken to represent the whole number of pupils, 40 
will represent the number of girls. 

Therefore, the whole number of pupils is *££ of 200 = 500. 
Am. 

(5) 50 lbs. is what per cent of 450 lbs. ? 

If 100 be taken to represent the whole weight, the number 
required to represent 50 lbs. will be ^ of 100 = 11 J. 
That is, 11$%. Am. 

347. In the process of computing by the hundred, it is 
generally more convenient to use 1 as the representative 
number, and to express the per cent as hundredths. 

Thus, in example (1), if the number 1 be taken to represent 26,275 
inhabitants, 1.20 will represent the number of inhabitants after an 
increase of 20%; and the present population will be 1.20 of 26,275 — 
31,530. Am. 
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In example (2), if the number 1 be taken to represent 26,275, the 
increase will be represented by 5255 -s- 26,275 = .20. Am. 

In example (3), if 1 be taken to represent the population at first, 
.89 will represent its present population. That is, 4539 is .89 of the 
former population. Therefore, the former population was 4539 -s- .89 
= 5100. 

In example (4), if the number 1 be taken to represent the whole 
number of pupils, 200 will represent .40 of the whole number. 
Therefore, the whole number will be 200 -s- .40 = 500. Am. 

In example (5), if the number 1 be taken to represent 450 lbs., 
50 lbs. will be represented by ■£$$ of 1 = .11$. Am. 

Exercise LXVII. 

1. The population of a town in 1870 was 12,275, and it 

increased 8% in the next ten years. Find its popu- 
lation in 1880. 

2. How much metal will be obtained from 365 tons of 

ore, if the metal be 7% of the ore? 

3. If gunpowder contains 75% of saltpetre, 10% of sul- 

phur, 15% of charcoal, how much of each is there in 
a ton of powder ? 

4. A manufactory uses 24 tons of coal a day, and 20% 

of it is lost in smoke. How much coal would be 
needed if this waste could be prevented? 

5. Air consists of 20.0265% (by measure) of oxygen gas 

and 79.9735% of nitrogen. How much oxygen in 
1750 cu.ft. of air? 

6. A town, after decreasing 25%, has 4539 inhabitants. 

Find its number at first. 

7. 2% of a regiment of 750 men are killed in an engage- 

ment, 6% are wounded, and 4% are missing. What 
is the number still available for service ? 

8. If 3f tons of sulphur are required to make 31 \ tons of 

gunpowder, what is the per cent of sulphur in gun- 
powder ? 
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9. In a school of 80 children, 17 J % are girls. Find the 
number of boys. 

10. If goods are bought for $415, and sold for $500, what 

is the gain per cent ? 

11. If goods are bought for $415, and sold for $400, what 

is the loss per cent ? 

12. $500 is 4% of what number ? 

13. A farmer buys 24 head of cattle at $80 a head, and, 

after losing 6, sells the remainder at $105 a head. 
How much does he gain or lose per cent ? 

14. If a ton (2240 lbs.) of ore in a gold mine yields 5 oz. 

(troy) of gold, what is the yield per cent ? 

15. If the ore in a mine yields -^ of 1 % of pure gold, how 

many tons (2240 lbs.) of ore must be taken to obtain 
7 lbs. (troy) of gold ? 

16. 12} tons of iron are obtained from 235 tons of ore. 

What per cent of the ore is iron? 

17. Goods are sold, at a loss of 3%, for $2667.50. What 

was the cost ? 

18. Teas at 68 cents, 86 cents, and 96 cents a pound, are 

mixed in equal quantities, and sold at 90 cents a 
pound. Find the gain per cent. 

19. By selling goods for $1173.92, a merchant gains 

$153.12. Find the gain per cent on the cost. 

20. If to 25 gals, of alcohol 2 gals, of water are added, 

how much per cent of the mixture is water? how 
much per cent is alcohol? 

21. What was the cost when 17}% was gained by selling 

goods for $253.80? 

22. A wine merchant mixes 24 gallons, at $7 a gallon, 

with 18 gallons, at $5 a gallon, and sells the whole 
at $ 7 a gallon. What does he gain per cent ? 

23. By selling a horse for $200, a dealer loses 12}%. 

What would he have gained or lost per cent by 
selling at $250? 
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24. A spirit merchant buys 75 gals., at $3.25 a gallon, 

and, after drawing off 10 gals., sells the remainder 
so as to gain 5% on the whole. What is the selling 
price per gallon ? 

25. A person owns two estates worth respectively $9845 

and $ 12,155. If the first rise in value 32% , and the 
second fall 13%, determine the rise or fall per cent 
in the value of his whole property. 

26. A tradesman marks an article $5, but takes off 5% 

for cash. If his profit is 14%, what was the cost of 
the article ? 

27. What would a dishonest dealer gain per cent by using 

a false weight of 15 oz. instead of a pound ? 

28. A dishonest dealer gains 12% by using false weights. 

What is the real weight of his pound ? 

29. A tradesman, in selling goods, deducts from the 

marked price 5% for cash. What is the marked 
price of some goods for which he receives $7.12}? 

30. The lead ore from a certain mine yields 60% of metal, 

and of the metal i of 1% is silver. How much 
silver and lead will be obtained from 1200 tons 
of ore? 

31. If ore loses 41}% of its weight in roasting, and 43}% 

of the remainder in smelting, how much ore will be 
required to yield 1000 tons of metal ? 

Ex. How many per cent above cost must a man mark his 
goods in order that he may take off 20% from the 
marked price, and still make 20% on the cost? 

If 100 be taken to represent the cost, then, as the gain is to 
be 20%, the selling price will be represented by 120. 

As the selling price is to be 20% below the marked price, the 
selling price (120) will be .80 of the marked price. 

Therefore, the marked price will be iff- of 120 = 150. 

That is, the goods must be marked 50% above cost. 
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32. How many per cent Above cost must a man mark his 

goods in order to take off 10%, and still make a 
profit of 17% ? 

33. How many per cent above cost must a man mark his 

goods in order to take off 12}%, and still make a 
profit of 12}%? 

34. How many per cent above cost must a man mark his 

goods in order to take off 15%, and still make a 
profit of 15%? 

35. How many per cent above cost must a man mark his 

goods in order to take off 33}%, and still make a 
profit of 33 }%? 

36. If 5% of the population of a town has been the increase 

in the preceding ten years, what per cent of the pop- 
ulation ten years ago has been added ? 

37. If, in a population of 27,000,000, 13% are foreign-born, 

how many foreign-born are there? What is the 
ratio of the foreign-born to the native? 

38. A man bought a horse for $ 70, and sold him for $ 80. 

What per cent did he gain ? What per cent of the 
money received for the horse was gained ? 

39. If, by selling goods for 12} per cent profit, a merchant 

clears $ 800, what was the cost of the goods, and for 
how much were they sold ? 

40. A man selling eggs at 40 cents a dozen clears 33}% 

on the cost ; what was the cost ? Another, selling 
at the same price, clears 33}% of his receipts; what 
did his eggs cost? 

41. By selling a carriage for $117, a carriage-maker lost 

10% of the cost. What ought he to have sold it for 
to make 10% ? 

42. A man gained in January 3% in weight, and in Feb- 

ruary lost 3%. What per cent of his weight on the 
first day of January is his weight on the first day of 
March ? 
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43. 7 lbs. of a certain article lose 3 oz. in weight by dry- 

ing. What per cent of the original weight is water ? 

44. 7 lbs. of a dry article have lost 3 oz. by drying. What 

per cent of the original weight was water ? 

45. A dry article was exposed to damp air, and absorbed 

3 oz. of water; it then weighed 7 lbs. What per 
cent of its present weight is water? 

46. If rosin is melted with 20% of its weight of tallow, 

what per cent of tallow does the mixture contain ? 
ft. If 20% of a mixture of tallow and rosin is tallow, 
what per cent of the weight of the rosin is the 
weight of the tallow? 

48. How many pounds of tallow must be mixed with 8 J 

lbs. of rosin in order that the mixture may contain 
15% of tallow? 

49. Nitrogen gas, under standard pressure and tempera- 

ture, is J of 1 % of the weight of an equal volume of 
water. What is its specific gravity ? 

50. Oxygen gas is \ of 1 % of the weight of an equal vol- 

ume of water ; what is its specific gravity ? How 
many gallons of oxygen will it take to weigh as 
much as a pint of water ? How many of nitrogen ? 

51. If common air consist of 4 volumes of oxygen to 13 of 

nitrogen, what is its specific gravity ? 

52. How many gallons of air weigh as much as a pint of 

water ? 

53. If, by heating iron 185° F., it expands J of 1%, what 

will be the expansion of iron in passing from — 20° F. 
to +120° F.? 

54. A tubular iron bridge is 450 ft. long, and one end is 

fast to a pier. How much play must be allowed at 
the other end, if the iron expands at the above rate, 
and if the climate varies from — 30° F. in winter to 
+ 130° F. in a July sun ? 
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55. How much longer is 100 miles of iron rail at 118° F. 
than at 20 J below zero? 

348 • In many kinds of commercial transactions the pay- 
ment made is reckoned at a rate per cent. 

Commission and Brokerage. 

349. The commission paid to an agent for his services is 
generally reckoned at a rate per cent. 

The sum left after the payment of the commission and other ex- 
penses is called net proceeds. 

Commission paid to a broker is called brokerage. 

(1) A commission merchant has consigned to him 50,000 

lbs. of wool, which he sells at 50 cents a pound, and 
charges 2J% commission. He pays $125 for freight 
and $50 for cartage. Find the commission and net 
proceeds. 

$.50x50,000 = #25,000 

825,000 x .025 = $625 = commission. 

Freight = 125 

Cartage = 50 

Total expenses = 800 

$ 24,200 = net proceeds. 

(2) An agent receives $5000 with which to purchase goods, 

after deducting a commission of 1%. What is the 
amount of the commission, and how much remains 
for purchasing goods ? 

If 100 be taken to represent the amount to be paid for the 
goods, 1 will represent the commission, and 101 will represent 
the $5000. Therefore, the amount expended for goods will be 
ft$°f $5000 = $4950.50. 

And 1% of $4950.50 = $49.50 = commission. 

In selling, the commission is reckoned on the amount received; in 
buying, the commission is reckoned on the amount paid. 
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Exercise LXVIII. 

1. Find the brokerage, at i of 1%, to be paid on $10,450. 

2. Find the commission on $2595, at 2i%. 

3. An agent sells 200 bbls. of flour, at $6.25; 600 gals. 

molasses, at 65 cents ; and charges a commission of 
H%. What are the net proceeds? 

4. A commission merchant received $ 1640 with which to 

buy corn, after deducting a commission of 2}%. 
What is the amount of his commission, and how many 
bushels of corn at 62} cents a bushel can he buy ? 

5. A commission merchant sells a consignment of cotton 

for $ 5216. He pays $ 51 for freight and storage, and 
charges a commission of 2}%. What are the net 
proceeds ? 
d, A consignment of butter was sold for $ 1570, of which 
$1546.45 were the net proceeds. What was the rate 
per cent of commission ? 

7. What are the net proceeds from the sale of 2250 bbls. 

of flour, at $6.25 a barrel, if the charges for freight 
and storage be 50 cents a barrel, commission for sell- 
ing 2%, for guaranteeing payment 1}% ? 

8. A commission merchant sells 350 crates of peaches, at 

$2.60. If the commission be 4}%, find the net pro- 
ceeds. 

9. A man sells 420 acres of land, at $40 an acre, and 

charges lt% commission. What is his commission? 

10. An agent, charging 4} % commission, receives for his 

services $313. Find the amount of his sales. 

11. A merchant buys, through an agent, 730 yds. of carpet- 

ing, at $1.25 a yard, and pays the agent f of 1% 
commission ; the freight amounted to $ 7.37. At 
what price per yard must the carpeting be sold to 
realize a profit of 20% ? 
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12. An agent sells a consignment of goods for $2100. 

He pays $33.50 for freight, and, reserving his 
commission, remits $2024.77. Find the rate of his 
commission. 

13. A commission merchant has consigned to him 5000 lbs. 

of cotton, which he sells at 14 cents a pound, and 
charges 2% commission. With the net proceeds he 
buys cotton cloth, at 10 cents a yard, charging 1}% 
commission for buying. How many yards of cloth 
does he buy ? 

14. A commission merchant has consigned to him 500 bbls. 

of flour, which he sells at $ 5.50 a barrel, and charges 
2i% commission; the expenses for freight, etc., 
amounted to $ 250. With the net proceeds he buys 
sugar, at 6} cents a pound, charging 2i% commis- 
sion for buying. How much sugar does he buy, and 
what is the amount of his commissions ? 

15. A collector's commission for collecting taxes, at li%, is 

$206.55. What was the sum collected ? 

16. An agent reoeived $2961 with which to purchase goods 

after deducting his commission at 5%. How much 
was his commission ? 

17. An agent buys 3100 bbls. of flour, at $4.50 a barrel, 

and charges 1}% commission. What is the amount 
of the bill including the commission ? 

18. A broker receives $6150 to invest in cotton, at 10J 

cents a pound. His commission is 2i%. How 
many pounds of cotton can he buy? 

19. An agent sells 1100 bbls. of flour, at $4.50 a barrel, 

and charges 2£% commission. He invests the pro- 
ceeds in steel, at 1} cents a pound, charging 1£% 
commission. What is his entire commission, and 
how many tons of steel (2240 lbs. to a ton) does 
he buy? 
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Insubance. 

360. In insurance a payment, called a premium of insur- 
ance, is made for a guarantee of a specified sum of money 
in the event of loss from fire or accident ; and is reckoned 
at a rate per cent on the amount insured. 

In life insurance an annual payment is made in order to secure a 
specified sum of money in the event of death. 

(1) Find the premium for the insurance of a cargo worth 

$36,000, at 6i%. 

$36000 
.06} 

$2250.00 

(2) For what sum should a cargo worth $36,000 be in- 

sured at 6t%, so that, in the event of loss, the 
owner may receive both the value of the cargo and 
the premium ? 

If 100 be taken to represent the sum to be insured, then the 
6£ will represent the premium ; and 100 — 6J, that is, 93|, will 
represent the value of the cargo. 

Hence, the sum to be insured ^rill be 

$36,000-5- .93} = $38,400. 

Exercise LXIX. 

1. Find the premium of fire insurance for $2650, at J 

ofl%. 

2. Find the premium to be paid for insuring a person's 

life for $ 2500, at an age for which the rate is 2i % . 

3. At 2}%, what premium of insurance will be paid on a 

vessel worth $36,400? 

4. A vessel is worth $ 12,052. Determine the sum to be 

insured, and the premium to be paid at lf%, so that 
in the event of loss the owner may receive both the 
value of the vessel and the premium. 
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5. The premium for insurance at li% is $150. What is 

the amount insured ? 

6. If a premium of insurance at 2}% amount to $28.60, 

what is the sum insured ? 

7. A vessel is so insured that if lost the owner may receive 

both the value of the vessel and the premium. The 
value of the vessel is $ 96,084, and the rate of insur- 
ance 1£%. Find the premium. 

8. A building worth $ 8000 is insured at $ of its value, at 

i of 1% per annum. What is the annual premium? 

9. Four companies join in insuring a ship and cargo for 

$ 60,000. One company takes -J-, at % of 1 % ; a sec- 
ond takes $10,000, at f of 1%; a third, $15,000, at 
f of 1 °/o ; a fourth, the remainder, at \ of 1 % . How 
much is paid for insurance ? 

10. If the ship in the last problem receive damage to the 

amount of $ 4500, what ought each company to pay ? 

11. A man insures his life for $ 10,000, paying $ 350 a year 

in advance. He dies the day before the fifth premium 
was due. The company pay his widow $10,000. 
How much have they lost by him, if the interest 
gained on the premiums paid amount to $175? 

12. A merchant shipped a cargo to London ; and to cover 

both the cargo and the premium, he took out a 
policy of $100,800, at 3J%. What was the value 
of the cargo? 

13. Three companies insure, at i of its value, a building 

worth $16,000. The first company takes J the risk, 
at £ of 1% ; the second, ■§• of it, at \ of 1% ; and the 
third, the remainder, at \ of 1%. Find the total 
premium. 

14. S. Williams pays $18.40 premium for insuring his 

house for % of its value at 1£%. What is the value 
of his house ? 
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Taxes and Duties. 

861. Taxes on property are reckoned at a rate per cent 
on the assessed value of the property ; and duties on im- 
ported goods are sometimes reckoned at a rate per cent on 
the cost in the country from which they are imported. 

Ex. The assessed valuation of a town is $2,326,112 ; the 
number of polls is 800 (that is, the number of persons 
who pay a poll-tax) ; the amount required for ex- 
penses is $15,830.56. If each poll pays a tax of 
$1.50, and the sum to be received from the State is 
estimated at $ 3000, what is the rate per cent of tax 
on the property ? What is the tax of S. Jones, who 
pays for one poll, and has property valued at $8216? 

The amount of poll-taxes = 800 x $1.50 = $1200. 
815,830.56 - $4200 = $11,630.56 to be assessed on property. 
$11,630.56 + $2,326,112 = .005 - \ of 1%. 
That is, the tax is 5 mills on a dollar, or $ 5 on $1000. 
Therefore, S. Jones's property-tax is .005 of $8216 = $41.08. 
Total tax = $41.08 + $1.50 = $42.58. 

Exercise LXX. 

1. If James Brown be assessed $2500 on his house and 

$5200 on personal property, and pays for 2 polls at 
$1.50 each, how much will his tax be, the rate being 
$12.18 on $1000? 

2. If the rate of tax be $ 12.25 on $ 1000, and the tax be 

$11,788.50, what is the valuation? 

3. If the assessed valuation of a town be $1,777,000, and 

the property-tax be $ 6870, what is the rate on $ 1000. 

4. What sum must be assessed, in order that $ 15,000 shall 

remain after paying a commission of 2% for collect- 
ing the taxes ? 



PERCENTAGE. 231 

5. A tax of $1857.60 is levied upon a school district for 

building a school-house. The assessed valuation of 
the district is $1,935,000. What is the tax on prop- 
erty valued at $6250? 

6. In a certain town there are 1350 polls. The assessed 

value of the real estate is $713,250; of the personal 
property is $738,954; the poll-tax is $2. The tax 
on property is li%. But only 96% of the tax can 
be collected, and the collector is paid 2J% of the 
amount collected. How much does the town receive 
from the taxes ? 

7. What is the duty, at 20% ad valorem (that is, 20% of 

the cost), on 320 boxes of raisins, each containing 40 
lbs., and costing 8 cents a pound ? 

8. What is the duty, at 6 cents a gallon, on 420 hhds. of 

molasses, 63 gals, in a hogshead ? 

9. At 40%, what is the duty on 300 tons of iron (2240 lbs. 

to a ton) invoiced at 1} cents a pound? 

10. Paid $ 1360.80 duty on 300 hhds. of molasses, each con- 
taining 63 gals., at 25 cents a gallon. What was the 
rate per cent of duty ? 

1L A sugar refiner imports 50 hhds. of sugar weighing 480 
lbs. each, and 120 hhds. of molasses containing 63 
gals. each. What is the amount of the duties, if the 
sugar pay 3 cents a pound, and the molasses 8 cents 
a gallon, an allowance being made on the sugar of 
10%, and 2% on the molasses? 

12. An importer paid $ 825 duty on an invoice of silks, the 

duty being 24%. But damages of 15% were allowed 
at the custom-house. What was the entire cost of 
the goods? 

13. Paid $ 325 duty on goods which had been damaged ; al- 

lowance for damage is 24%, and the duty was 24%. 
What was the invoice price of the goods ? 



CHAPTER XVII. 

INTEREST AND DISCOUNT. 

352. Interest is the payment made for the use of money. 

The interest to be paid for a given sum differs from the payments 
considered in the last chapter, in that it depends on the time for which 
the sum is loaned as well as on the rate per cent charged. 

353. The sum loaned is called the principal. The prin- 
cipal and interest, added together, are called the amount. 

Simple Interest. 

354. If 100 be taken as the representative of the princi- 
pal, the rate will represent the interest for one year ; the 
product of the rate per cent by the number of years will 
represent the whole interest, and this added to 100 will 
represent the amount. 

Thus, if the time be 3 years and the rate per cent 6, the interest 
will be represented by 18, and the amount by 118. 

(1) Find the interest on $1024, for 2 yrs. 8 mos., at 5i%. 

Time, 2 yrs. 8 mos. = 2§ yrs. 

?1024 

.05* 

512 

5120 



$56.32 = interest for 1 yr. 

2$ = 2 yrs. 8 mos. 

3755 
11264 



$150.19 Am. 
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(2) Find the interest of $1020, for 5 yrs. 11 mos. 18 dys., 
at 6%. 

The interest at 6% for 1 year is .06 of the principal. 

The interest for 1 month is ^ of .06 = .005 of the principal. 

The interest for 1 day is -fa of .005 = £ of .001 of the principal. 

Hence, the interest for 

5 yrs. = 5 x .06 = .30 

11 mos. = 11 X .005 = .055 
18 dys. = 18 x i of .001 = .003 

5 yrs. 11 mos. 18 dys. = .358 of the principal. 

.358 of $1020 = $365.16. Am. 

The method employed in the last example may be employed for 
any rate per cent, by first finding the interest at 6% 7 and then taking 
such a part of the interest as the given rate is of 6%. Thus, the in- 
terest at 4£%= ^i = | of the interest at 6% = interest at 6% - J of 

6 

itself. The interest at 8% is $ = £ of the interest at 6% = interest at 
6% + J of itself. 

In most business transactions the time for which interest is re- 
quired is 1, 2, 3, or 4 months (30 dys. being reckoned 1 mo.), and the 
rate of interest is $% a month. Hence, the interest on a given sum 
for 2 mos. (or 60 dys.) is found by moving the decimal point two 
places to the left ; for 1 mo., 3 mos., 4 mos., by moving the decimal 
point two places to the left, and multiplying by J, 1J, and 2, respec- 
tively. Thus, the interest on $1250 for 2 mos. is $12.50; for 1 mo., 
$6.25; for 3 mos., $18.75; for 4 mos., $25. 



Exercise LXXI. 
Find the interest of : 

1. $680.40 for 2 yrs. 4 mos. 6 dys., at 6%. 

2. $25,625 for 30 dys., at 6%. 

3. $85.85 for 1 yr. 7 mos. 21 dys., at 
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4. $ 1100 for 3 yrs. 4 mos., at 5%. 

5. $1275 for 3 yrs. 2 mos. 15 dys., at 8%. 
a $475.16 for 27 dys., at 4J%. 

7. $1290.50 for 60 dys., at 6%. 

a $125 for 1 yr. 2 mos. 2 dys., at 9%. 

9. $250.80 for 10 mos. 10 dys., at 3i%. 

10. $258.85 from Mar. 6, to June 24, at 5%. 

11. $380 for 2 yrs. 11 mos. 27 dys., at 4J%. 

12. $475.05 for 1 yr. 9 mos. 14 dys., at 7^%. 

13. $725.40 for 11 mos. 24 dys., at 5t%. 

14. $680.50 for 2 yrs. 6 dys., at 5%. 

15. $630.50 for 90 dys., at 6%. 

16. $ 547.60 from Feb. 20 to Dec. 5, at 6 J % . 

17. $875 from May 5, 1880, to June 21, 1881, at 5}%. 
ia $758.50 from Jan. 5 to July 1, at 4J%. 

19. $342.42 from Feb. 5, 1879, to Mar. 15, 1881, at 7%. 

20. $ 540 from Mar. 5 to Sept. 21, at 3i%. 

Find the amount of : 

2L $431.50 for 2 yrs. 8 mos., at4i%. 

22. $476.50 from July 5, 1880, to Feb. 9, 1881, at 4%. 

2a $319.20 from April 7 to Aug. 31, at 31%. 

24. $6460 from June 15, 1878, to May 7, 1880, at 4i%. 

25. $150 from Aug. 5, 1879, to Mar. 17, 1881, at 7%. 
2a $527.20 from Jan. 1 to Nov. 20, at 4J%. 

27. $1250 from Nov. 15, 1880, to Mar. 1, 1881, at 5%. 

2a $624.36 from Mar. 5 to Dec. 20, at 7^%- 

29. $ 12,260 from May 6 to Oct. 24, at 3i%. 

30. $11,216 from Oct. 20 to Dec. 31, at 1% a month. 

Note. In business a year is reckoned at 360 days in computing 
interest for a time less than a year expressed in months and days ; 
hence, the interest is 7 $ T or ^ too great. But general governments 
take the number of days between the two given dates, and reckon for 
the interest such a part of a year's interest as this number of days itf 
of 365 days. 



INTEREST AND DISCOUNT. 235 

355. It is often required to find the rate, time, or princi- 
pal, when two of these and the interest (or amount) are 
given. 

(a) When the principal, interest (or amount), and time are given, to 
find the rate per cent. 

(1) At what rate per cent will $480 produce $ 72 in three 

years ? 

Interest on $480 for 3 years is $ 72 ; 

on $480 for 1 year is | of $ 72 ; 

on 8 1 for 1 year is ^ of J of $ 72 = $.05. 
Therefore, rate required is 5%. 

(2) At what rate per cent will $ 8432 amount to $ 9437.516 

in 2 yrs. 7 mos. 24 dys. ? 

The interest is $9437.516 - $8432 = $1005.516. 
The time is 2 yrs. 7 mos. 24 dys. = 2.65 yrs. 
Interest on $8432 for 2.65 yrs. is $1005.516 ; 

on $ 8432 for 1 yr. is * 10 °5.516 . 
J 2.65 * 

on $1 for 1 yr. is *^ 5 ; 5 * 6 rt = $.04*. 
J 2.65x8432 * 

Hence, rate required is 4£%. 

The rate may also be found by forming a proportion with 
the representative numbers. Thus, 

Capital. Capital. Interest. latere*. 

8432 : 100 : : 1005.516 : what? 

The fourth term will be 11.925. 

Hence, the interest, which = rate x time, is represented by 
11.925. 

Therefore, the rate = — '■ = 4.5. 

2.65 

That is, the rate is 4J%. 
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Find the rate per cent: 

31. When the interest on $ 326 for 15 yrs. is $ 220.05. 

32. When the interest on $372.50 for 18 yrs. is $301,725. 

33. When $245 amount to $252.96* for 9 mos. 

34. When the interest on $235.25 is $ 70.575 for 5 yrs. 

35. When $363,125 amount to $371,598 for 7 mos. 

36. When the interest on $249,431 is $ 49.881 for 5 yrs. 

4 mos. 

37. When $350 amount to $406.70 for 3 yrs. 7 mos. 6 dys. 
3a When the interest on $ 6875 is $ 72.05 for 90 dys. 

39. When the interest on $642 is $ 10.70 for 5 mos. 

40. When the interest on $8432 for 2 yrs. 7 mos. 23 dys. is 

$ 1339.28. 

41. When a sum of money is doubled in 14 yrs. 

42. When an investment for 5 yrs. 2 mos. produces a sum 

equal to £ of the capital. 

43. When an investment for 3 yrs. 1 mo. 15 dys. produces 

a sum equal to -J- of the capital. 

(b) When the principal, interest (or amount), and rate per cent are 
given, to find the time. 

Ex. In what time will the interest on $8432 amount to 
$1005.516, at 4J%? 
Interest on $ 8432, at 4£%, for 1 yr. is .045 of $ 8432 = ft 379.44. 

Therefore, the number of years will be * „,_ ' , = 2.65. 

J $379.44 

And 2.65 yrs. = 2 yrs. 7 mos. 24 dys. Ans. 

Find the time in which : 

44. The interest on $450 will amount to $72, at 4%. 

45. The interest on $487.50 will amount to $39, at 4%. 

46. The interest on $ 238.75 will amount to $ 64.46, at 4£ % . 

47. The sum of $793,875 will amount to $805.84, at 5i%. 

48. A sum of money will double itself at 4%. 
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49. The sum of $ 10 will amount to $ 17, at 6%. 

50. The sum of $502.67 will amount to $578.07, at 43 %. 

51. The interest on $ 537.50 will amount to $ 80.625, at 4 % . 

52. The interest on $6875 will amount to $75.05, at 4i%. 

53. The interest on $8520 will amount to $1746.60, at 6%. 

(c) When the interest, time, and rate are given, to find the principal. 

Ex. What principal will in 2 yrs. 7 mos. 24 dys. produce 
$1005.516 interest, at 4i%? 

2 yrs. 7 mos. 24 dys. = 2.65 yrs. 
Interest for 1 yr. - $ 10 °5.516 = $379.44. 

Interest on $ 1 for 1 yr., at 4$% = $.045. 

379 44 
Hence, principal required = -^ — of $1 = $8432. 

.U4u 

Find the principal that : 

54. Will produce $90 interest in 3 yrs., at 4%. 

55. Will produce $63 interest in 3 yrs., at 6i%. 

66. Will produce $100 interest in 8 yrs. 6 mos., at 5%. 

57. Will produce $ 1746.60 interest in 3 yrs. 5 mos., at 6%. 

58. Will produce $12 interest in 7 mos., at 5%. 

59. Will produce $50 interest in 228 dys., at 4J%. 

60. Will produce $ 1339.28 interest in 2 yrs. 7 mos. 24 dys., 

at 6%. 

61. Will produce $ 1312.65 interest in 2 yrs. 3 mos., at 6%. 

62. Will produce $750 interest in 3 yrs. 8 mos., at 5%. 

(d) When the amount, time, and rate per cent are given, to find the 
principal. 

Ex. Find the principal that will amount to $748,125 in 
3 yrs. 6 mos., at 4%. 

3 yrs. 6 mos. = 3J yrs. 

If the principal be represented by 100, the interest will be rep- 
resented by 3J x 4 = 14, and the amount will be represented 
by 114. Hence, the principal = {$% of $748,125 = $656.25. 
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Find the principal that will amount : 

63. To $840 in 3 yrs., at 4%. 

64. To $901.1384 in 2 yrs. 6 mos, at4i%. 

65. To $6000 in 21 dys., at 5%. 

66. To $297.60 in 8 mos., at 6%. 

67. To $6378.75 in 1 yr. 1 mo., at 5%. 

68. To $21,047.95 in 1 yr. 7 mos. 21 dys., at 4i%. 

69. To $185.09 in 2 yrs. 3 mos. 18 dys., at 5%. 

70. To $659.40 in 2 yrs. 11 mos. 15 dys., at 6%. 

71. To $9437.516 in 2 yrs. 7 mos. 24 dys., at 4J%. 

72. To $10,266.60 in 3 yrs. 5 mos., at 6%. 



73. What is the interest of $ 195 for 2 yrs. 2 mos. 2 dys., 

at 6i%? 

74. At what rate per cent will $1025.20 produce $25.72 in 

4 mos. 9 dys. ? 

75. The principal is $653; the interest $5.52; the rate 8%. 

Find the time. 

76. Find the amount of $520 for 2 mos. 3 dys;, at 4}%. 

77. What sum bearing interest at 4J% will yield an annual 

income of $ 1000 ? 

78. How long will it take $4000 to produce $625 interest, 

at5i%? 

79. At what rate per cent will $3000 produce $250 inter- 

est in 1 yr. 2 mos. 24 dys. ? 

80. Find the interest of $1721.84 from April 1 to Nov. 12, 

at4J%. 

81. How long must $ 3904.92 be on interest to amount to 

$4568.76, at 5% ? 

82. Find the interest of $ 137.60 from July 3 to Dec. 12, at 

83. Find the interest of $680.20, at 7 J%, for 73 dys., reck- 

oning 365 dys. for a year. 
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Discount. 

356. When the holder of a promissory note sells the 
note to a bank, or other purchaser, the sum paid by the 
bank is called the proceeds or avails of the note, and 
the difference between the sum named in the note and the 
proceeds is called the discount. 

357. Discount is reckoned at so much per cent, and the 
per cent is called the rate of discount. 

358. Questions in discount are calculated like questions 
in simple interest, the terms used being discount instead of 
interest, and rate of discount instead of rate of interest. 

Note. The sum named in the note should be written in words, and 
is called the face of the note. The person signing the note is called the 
maker; a person who writes his name on the back of the note is 
called an endorser, and is responsible for the payment of the note. 

A note, to be legal, must contain the words "value received" ; to 
be negotiable, must be made payable to the bearer, or to the order of 
some person who must endorse the note. 

When a note bears interest, the discount is computed on the face 
of the note with the interest added. 

A note is nominally due at the expiration of the time named in 
the note, but it does not mature, that is, become legally due, until 
three days after this time. These three days are called days of graoe. 
And the discount is computed on the time between the day the note 
is discounted and the day of its maturity. 

When the time is expressed in days, the day of maturity is found 
by counting forward from the date of the note the number of days 
named in the note, and the three days of grace. When the time is 
in months, the day of maturity is found by counting the number of 
calendar months, and the three days of grace. When a note falls due 
on Sunday, or a legal holiday, it is payable on the day previous. 

A protest is a notice in writing by a notary public to the endorsers 
that a note has not been paid. If a note be not protested on the 
last day of grace the endorsers are released from their obligation. 
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Find the day of maturity, the time to run (from the day 
the note is discounted), the discount, and the proceeds of the 
following notes : 

(1) $520.16. Boston, Jan. 12, 1881 

Sixty days after date I promise to pay to the order of 
G. L. Gage five hundred twenty and -£fo dollars, for value 
received. 

Discounted at 6%, Feb. 1. John Kelley. 

Counting 60 days, from Jan. 12, there are 19 in January, 28 
in February, and 13 in March. 

Therefore the note becomes due Mar. M /ie. (13 denotes 
the time it is nominally due, 16 the time it is legally 
due.) 

The time to run is 27 days in February and 16 in March = 
43 days. 

The discount is the interest on $520.16 for 43 days, at 6%. 
Therefore, 

The discount is .007$ of $520.16 = $3.73. 

The proceeds is $520.16 - $3.73 = $516.43. 

(2) $ 650. Cincinnati, Nov. 3, 1880. 

Six months from date we jointly and severally promise to 
pay to the order of Charles Fall six hundred and fifty dol- 
lars, value received, with interest at six per cent. 

Discounted at 7%, Jan. 3, 1881. 

John Henderson. 

James Hendricks. 

Interest on note for 6 mos. 3 dys., = $19.82. 

Amount of note $650 + $19.82 = $669.82. 

Day of maturity, May 3 / 6 , 1881. 

Time to run, 4 mos. 3 dys. 

Discount on $669,825, at 7%, for 4 mos. 3 dys. = $ 16.02. 

Proceeds is $ 669.82 - $ 16.02 = $ 653.80. 
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Exercise LXXII. 

Find day of maturity, the time to run, the discount, and 
proceeds of the following notes : 

1. $750. New York, Jan. 1, 1881. 
Four months from date I promise to pay to the order of 

James Fay seven hundred and fifty dollars, value received. 
Discounted at 7%, Jan. 12. John Pray 

2. $4325.50. Boston, Jan. 3, 1881. 
Sixty days from date I promise to pay to James Finn, or 

order, four thousand three hundred twenty-five and -j^ 
dollars, value received. 
Discounted at 6i%, Jan. 6. George Bellows. 

3. $1340.70. Richmond, Va., Jan. 6, 1881. 
Ninety days from date I promise to pay to the order of 

Peter Bright thirteen hundred forty and -j 2 ^ dollars, value 
received. 

Discounted at 7%, Jan. 26. George Wright. 

4. $1456.30. Charleston, S.C., Jan. 19, 1881 
Three months after date I promise to pay to the order of 

John George fourteen hundred fifty-six and -£fo dollars, value 
received. 

Discounted at 5%, Feb. 1. John Waldorf. 

5. $4550.36. Detroit, Mich., Feb. 2, 1881. 
Four months after date I promise to pay to the order of 

John Callender four thousand five hundred fifty and -j^ 
dollars, value received. 

Discounted at 5J%, Feb. 16. James Barton. 



242 ARITHMETIC. 

6. $5000. Chicago, 111., Oct. 4, 1880. 
Six months after date I promise to pay to John Adams 

or order five thousand dollars, value received, with interest 
at seven per cent. 
Discounted at 8%, Dec. 31. William Dunn. 

7. $4760. Milwaukee, Wis., Jan. 1, 1881. 
Ninety days after date I promise to pay to the order of 

James Pike four thousand seven hundred and sixty dollars, 
value received. 
Discounted at 7i%, Feb. 15. William Clement. 

a $2017.85. Kansas City, Mo., Jan. 14, 1881. 

Three months after date I promise to pay to the order of 
John Brown two thousand seventeen and ■$*$ dollars, value 
received. 

Discounted at 10%, Mar. 1. Timothy Bruce. 

9. $ 652.45. Concord, N H., Jan. 25, 1881. 

Five months after date I promise to pay to the order of 
Charles Barrett six hundred fifty-two and -j 4 ^ dollars, value 
received, with interest at six per cent. 
Discounted at 4i%, Mar. 15. William Kimball. 

10. $9040. Baltimore, T5d., Jan. 19, 1881. 
Sixty days from date I promise to pay to the order of 

Charles Carroll nine thousand and forty dollars, value 
received. 
Discounted at 5J%, Feb. 16. James Monboe. 

11. $215. Augusta, Me., Jan. 28, 1881. 
Thirty days after date, I promise to pay to the order of 

James Fogg two hundred and fifteen dollars, value received. 
Discounted at 6%, Feb. 3. John Moses. 
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859. If it be required to determine the face of a note 
that will yield a given sum when discounted at a bank, the 
method will be as follows : 

Ex. For how much must a 3-months note, without interest, 

be made, that it may yield $500 when discounted at 
? 



70 

The discount on $ 1 for 3 mos. 3 dys. is $.0155. 

Proceeds on $ 1 is $ 1 - $ .0155 = $ .9845*. 

Therefore, the face required for $ 500 is $ 500 •*• .9845, 

= $507.87. Ans. 

12. Find the face of a note at 90 dys. that will realize $850 

when discounted at 7%. 

13. Find the face of a note at 4 mos. that will realize $ 1600 

when discounted at 5£%. 

14. Find the face of a note at 30 dys. that will realize $ 1200 
. when discounted at 6}%. 

15. Find the face of a note at 60 dys. that will realize $4000 
. when discounted at 8%. 

16. Find the face of a note at 2 mos. that will realize $4500 

when discounted at 7^-%. 

17. Find the face of a note at 3 mos. that will realize $1100 

when discounted at 7%. 

Present Worth and Discount. 

360. The present worth of a sum of money due at the end 

of a given time, is the sum that, put at interest for the given 

time, will amount to the given sum. 

Thus, $50 will, in 2 yrs., at 6%, amount to $56. And $56 to be 
paid at the end of 2 yrs. is equal in value to $50 paid now. Hence, 
$50 is regarded as the present worth of $56 to be paid in 2 yrs. 

361. The difference between the given sum and its pres- 
ent worth is called the true discount. 
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362. It is evident that this discount of the given sum is 
the interest of its present worth. 

The operation of finding the present worth of a sum of money at 
a given rate of interest is the same as the operation of finding the 
principal when the amount, time, and rate per cent are given, j 355. 

Ex. Find the present worth and discount of $ 5000 due at 
the end of 3 yrs. 6 mos., at 



If 100 be taken to represent the present worth, the discount 
will be represented by 3 J x 6 = 21. 

The given sum will be represented by 21 + 100 = 121. 

Hence, the present worth is |f { of $ 5000 = $ 4132.23 ; and the 
discount is $5000 - $4132.23 = $867.77. 

18. Find the present worth of $500 due in 11 mos., at 5%. 

19. Find the present worth and discount, of $3334.62 due 

in 2 yrs., at 4}%. 

20. Find the present worth and discount of $4261.33 due 

at the end of 1 yr. 6 mos. at 6%. 

21. Find the present worth and discount of $2416.50 due 

in 7 mos., at 5%. 

22. Find the present worth of $678.40 due in 16 mos., at 

«%. 

23. Find the present worth and discount of $574.17 due 

in 2 yrs. 3 mos., at 5J%. 

24. Find the present worth and discount of $625.13 due in 

8 mos., at 7-^%. 

25. Find the present worth and discount of $ 715.20 due in 

1 yr. 4 mos., at 3J%. 

Note. This discount is called true discount to distinguish it from 
discount used in business transactions. Discount in business always 
means either so many per cent off without reference to time, as when 
a merchant is paid before he proposes to demand payment ; or so 
many per cent off reckoned at the current rate of interest for a given 
time, as when a note is discounted at a bank. 
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Partial Payments. 

363. When settlements of accounts between two mer- 
chants are made at the expiration of a year, or less, it is 
customary to reckon interest on the several items in the 
accounts to the time of settlement. Also, when partial 
payments are made, and endorsed on a note that contains 
the words "with interest," and that is paid in full within a 
year, it is usual to compute the interest on the principal 
and on each of the payments to the time of settlement. 

(1) Andrew Hall buys of John Paul $400 worth of goods, 
at 30 dys. At the end of 3 mos. he pays $200, and 
the balance 2 mos. later. Find the balance. 

The time between the end of 30 dys. and the time of settle- 
ment is 4 mos. Therefore, interest is reckoned on the $400 for 
4 mos. and on the $ 200 for 2 mos. 

$400 + 4 mos. interest = $408 

$200 + 2 mos. interest = 202 

Therefore, balance due is $ 206 

"(2) A man holds a note for $500, dated Jan. 1, 1880, on 

which are endorsed partial payments as follows: 

Mar. 1, 1880, $50 ; Oct. 1, 1880, $25 ; Nov. 1, 1880, 

$400. What is due Jan. 1, 1881, interest at 7% ? 

Amount of $500 for 1 yr. at 7% is $535.00 

Amount of $50 for 10 mos. at 7% = $52.92 
Amount of $ 25 for 3 mos. at 7% = 25.44 
Amount of $400 for 2 mos. at 7% = 404.67 

483.03 
Balance due, $51.97 

364. This method is in accordance with what is called 
the Merchants 1 Enle. 

28. If I buy goods Jan. 10, at 30 dys., for $218 ; Feb. 5, at 
60 dys, for $421 ; and pay Feb. 10, $200, Mar. 17, 
$50; what is due Apr. 25, interest at 6% ? 
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27. A note for $618.75, dated Apr. 17, 1880, payable on 

demand, bears the following endorsements : June 5, 
$126.50; Aug. 20, $137.25; Nov. 17, $210. What 
is due Jan. 1, 1881, reckoning interest at 6% ? 

28. A note for $1000, dated Apr. 1, 1880, payable on 

demand, with interest at 7%, bears the following 
endorsements : May 6, $200 ; July 5, $225.37 ; Oct. 
18, $322. What is due Jan. 1, 1881 ? 

29. A note for $835.25, dated July 1, 1880, payable on 

demand, with interest at 6i%, bears the following 
endorsements : Aug. 20, $157.50 ; Sept. 21, $180.25 ; 
Oct. 5, $200; Dec. 1, $80. What is due Jan. 1, 
1881? 

When a note runs longer than a year, and has endorsements, the 
Merchants' Rule works injustice to the holder of the note, as may he 
seen hy an extreme case : Thus, if the interest due at the end of each 
year be endorsed on a note of $ 1000, at 6% interest, the amount of 
the interest payments in about 24 years will cancel the whole note, 
without the payment of one cent of the principal. Hence, 

365. When a note that contains the words "with interest" 
runs longer than a year, and partial payments have been 
made, the interest is computed by a rule adopted by the 
Supreme Court of the United States, and therefore called 

The United States Rule. 

Find the amount of the principal to the time when the 
payment, or sum of the payments, equals or exceeds the 
interest. 

From this amount deduct the payment or sum of the pay- 
ments. 

Consider the remainder as a new principal, and proceed 
as before. 
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Ex. A note of $ 1520, dated May 20, 1880, and drawing 
interest at 6%, had payments endorsed upon it as 
follows: Oct. 2, 1880, $300; Feb. 26, 1881, $25; 
Apr. 2, 1881, $570; Aug. 8, 1881, $600. Find the 
amount due Dec. 6, 1881. 

yr. mot. dy§ 

1880 10 2 $1520 

1880 5 20 .022 



4 


12 


.022 


$.33.44 1st interest. 








1520.00 


$300. 






$ 1553.44 

300.00 1st payment. 


1881 2 


26 




$ 1253.44 2d principal. 


1880 10 


2 




.024 


4 


24 


.024 


$25 $30.08 2d interest. 
$ 1253.44 2d principal. 


? 25. 






.006 
$570 $7.52 3d interest. 


1881 4 


2 




30.08 2d interest. 


1881 2 


26 




1253.44 


1 


6 


.006 


$1291.04 

595.00 2d & 3d paym< 


$570. 






$696.04 3d principal. 
.021 


1881 8 


8 




$14.62 4th interest. 


1881 4 


2 




696.04 


4 


6 


.021 


$ 710.66 
600.00 


$600. 






$ 110.66 4th principal. 
•0i9| 


1881 12 


6 




$2.18 5th interest. 


1881 8 


8 




110.66 



3 28 .019} $112.84 Answer. 

In the firat place, find the difference in time between each pair of 
consecutive dates. At the right of the result in each case put the 
corresponding decimal multiplier for the interest at 6%, and put the 
corresponding payment below. 
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Generally it can be determined mentally whether one or more pay- 
ments must be taken to make a sum equal to or greater than the 
interest. If two or more payments are required, the corresponding 
decimal multipliers may be added and the result taken for the multi- 
plier. Thus, it is evident that .024 of $1263.44 is more than $25; 
therefore, .024 + .006 = .03, may be taken for the multiplier, which 
will give for the interest $37.60. To this the principal is added, and 
from the amount the sum of the payments is subtracted. 

When the rate is greater or less than 6% the several interests must 
be increased or diminished according to the given rate. 

30. A note of $2000, dated Jan. 22, 1880, and drawing 

interest at 6%, had payments endorsed upon it as 
follows: May 20, 1880, $100; July 20, 1880, $325 ; 
Nov. 2, 1880, $20; Dec. 23, 1880, $125. Find the 
balance due Mar. 1, 1881. 

31. A note of $1662.50, dated Jan. 15, 1880, and drawing 

interest at 6}%, had payments endorsed upon it as 
follows: Apr. 30, 1880, $25; June 24, 1880, $25; 
Sept. 2, 1880, $625 ; Jan. 31, 1881, $700. Find the 
balance due May 12, 1881. 

32. A note of $4560, dated Jan. 22, 1879, and drawing 

interest at 7%, had payments endorsed upon it as 
follows : Jan. 10, 1880, $2000 ; Aug. 31, 1880, $500; 
Jan. 15, 1881, $ 1200 ; Mar. 4, 1881, $860. Find the 
balance due June 15, 1881. 

33. A note of $785.50, dated Jan. 30, 1879, and drawing 

interest at 5%, had payments endorsed upon it as 
follows: July 17, 1879, $100; Jan. 29, 1880, $100; 
Dec. 31, 1880, $20; Mar. 16, 1881, $300; June 14, 
1881, $50. Find the balance due July 23, 1881. 

34. A note of $300.25, dated Aug. 4, 1879, and drawing 

interest at 6i%, had payments endorsed upon it as 
follows: Oct. 14, 1879, $100; July 21, 1880, $100; 
Oct. 11, 1880, $50; Jan. 18, 1881, $50. Find the 
amount due July 22, 1881. 
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Compound Interest. 

366. When a note contains the words "with interest 
annually," and the interest is not paid at the time it is due, 
the interest is usually added to the principal ; and new 
principals are thus formed at regular intervals of time. 

367. The interest may be compounded with the principal 
(that is, made a part of the principal), annually, semi-annu- 
ally, quarterly, etc., according to agreement. 

Ex. Find the compound interest of $800 for 2 yrs. 3 mos. 
15dys., at 7%. 

$800 

.07 

$ 56 1st interest. 
800 
856 2d principal. 

.07 



$59.92 2d interest. 
856.00 



$ 915.92 3d principal. 
.0175 



3 mos. 15 dys. \ 6)16.03 

2.67 



$ 18.70 3d interest. 
915.92 



$934.62 amount. 

800.00 
$ 134.62 interest. 

Hence, the compound interest, at 7%, for the given time is $134.62. 

368. If the given time be not an integral number of years, 
the amount is found for the number of entire years, and 
then the amount of this for the fractional part of a year. 
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35. Find the amount of $356.25 in 4 yrs. f at 5% compound 

interest. 
3a Find the amount of $637.50 in 2 yrs. 6 mos., at 4% 

compound interest. 

37. Find the compound interest of $800 in 3 yrs.. 9 mos., 

at 6%. 

38. Find the compound interest of $39.35 in 1 yr. 9 mos., 

at 5%. 

If the interest be payable semi-annually, quarterly, etc., the half, 
quarter, etc., of the rate per cent must be used, and the amount ob- 
tained for each half-year, quarter-year, etc. 

30. Find the compound interest of $300 in 2 yrs., at 4%, 
interest being payable semi-annually. 

40. Find the compound interest of $525 in 1 yr. 6 mos., at 

5%, interest being payable quarterly. 

41. Find the compound interest of $10,000 in 6 mos., at 

6^, interest being paid monthly. 

Ex. What principal will in 3 yrs. produce $780.40 com- 
pound interest, at 4% ? 

The amount of $1 for 1 yr. at 4% is $1 x 1.04 ; 

for 2 yrs. is $1 x 1.04 x 1.04 = $1 X 1.04 1 ; 

for 3 yrs. is $1 x 1.04 s X 1.04 = $1 X 1.04 3 . 
Hence, the amount of $ 1 for 3 yrs. at 4% is $1.124864. 
The interest is $1.124864 -$1 = $.124864. 
$ 780.40 -i- .124864 = $6250. 

42. What principal will amount to $137.81 in 2 yrs., at 5% 

compound interest? 

43. What principal will amount to $1860.96 in 3 yrs., at 

6^6 compound interest? 

44. What principal will amount to $1500 in 1 yr., at 4% 

compound interest, payable quarterly ? 

45. What principal will produce $100 in' 1 yr. 6 mos., at 

ftfy compound interest, payable semi-annually? 
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Annual Interest. 

369. Annual interest is simple interest on the principal 
and on each years interest from the time each interest is 
due until settlement. 

Ex. Find the interest due July 4, 1881, on a note dated 
May 4, 1877, for $850, with interest payable annu- 
ally, at 7%. 

jn. moi, dye. $ 850 

1881 7 4 .25 



1877 5 4 


6)212.50 


4 2 .25 


35.42 




$ 247.92 interest for 4 yrs. 2 mos. 




$850 


yn. mos. 


.07 


3 2 


59.50 annual interest. 


2 2 


.07 


1 2 


4.165 


2 


6* 


6 8 = 6f yrs. 


27.77 interest on annual interest. 




247.92 



$275.69 total interest due. 
The simple interest on the principal is $ 247.92. 

The first year's interest, $59.50, remains overdue 3 yrs. 2 mos. ; the 
second year's, 2 yrs. 2 mos. ; the third year's, 1 yr. 2 mos. ; the fourth 
year's, 2 mos. The interest on $59.50 for the sum of these periods, 
6 yrs. 8 mos., is $27.77. Hence, the total interest due is $247.92 + 
$27.77 = $275.69. 

46. Find the interest due May 19, 1881, on a note dated 

Dec. 26, 1877, for $1224.60, with interest payable 
annually, at 5%, when no interest has been paid. 

47. Find the amount due May 27, 1881, on a note dated 

Jan. 4, 1879, for $215.50, with interest payable annu- 
ally at 51%, when no interest has been paid. 
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48. Find the amount due Jan. 16, 1881, on a note dated 

Jan. 8, 1879, for $3115.20, with interest payable an- 
nually at 5%, when no interest has been paid. 

49. Find the amount due Jan. 18, 1881, on a note dated 

Jan. 8, 1877, for $2875, at 6% : (1) simple interest ; 
(2) annual interest ; (3) compound interest. 

Note. When partial payments have been made on a note, the 
annual interest, by the law of Vermont, is found to the end of the first 
year in which any payments have been made, and the sum of the 
payments, with the interest reckoned on each to the end of that year, 
is applied to cancel any interest that may have accrued on the yearly 
interest, then to cancel the yearly interest, and then to the payment 
of the principal. 

The law of New Hampshire is the same as that of Vermont; but 
if at the time of any payment no interest is due, except what is 
accruing for the year, and the payment is less than the interest due 
at the end of the year, then no interest is allowed on the payment. 

The Connecticut Rule is similar to the United States Rule ; but 
when less than a years interest has accrued at the time of a pay- 
ment, except it be the last payment, the difference between the amount 
of the principal for an entire year and the amount of the payments 
made that year is taken as the new principal. But if the interest 
which has accrued at the time of a payment exceeds the payment, 
no interest is computed on the payment. 

These are special rules for the guidance of the State Courts or 
their agents, whenever it becomes necessary for them to determine 
the amount due on a note. But it is the general practice among 
business men to settle notes "with interest" that run for a year or 
less, by the Merchants' Rule ; that run for more than a year, by the 
United States Rule; and to settle notes "with interest annually ," or 
" semi-annually' 1 if the interest be not paid when due, by compound- 
ing the interest with the principal. 

The Legislature of each State has fixed the legal rate of interest for 
that State. Practically, however, the rate of interest is determined 
by the law of supply and demand. "When the supply is greater than 
the demand, the rate of interest is low ; when the supply is less than 
the demand, the rate of interest is high. 



CHAPTER XVIII. 

STOCKS. 

370. The name Stook is applied to the capital of banks, 
railroads, and other incorporated companies. 

The capital of a company is usually divided into shares, 
of which the original value is $100, or some other fixed 
sum ; but the market value at any time is estimated by the 
current price per share. 

371. When the market value of stock is equal to its origi- 
nal value, it is said to be at par. In quotations of stocks 
par is generally represented by 100 ; and when stock is 
quoted at above 100, it is said to be at a premium ; below 
100, at a discount. The premium or discount is the dif- 
ference between the quotation and 100. 

Thus, when the price of a stock on a given day is 91, or, as it is 
commonly expressed, when the stock is at 91, the meaning is, that 
$ 100 stock costs on that day $91 money. Or that if 100 be the repre- 
sentative of any quantity of stock, 91 will represent the correspond- 
ing value in money. In this case the stock is said to be 9% discount. 

The buying and selling of stocks is conducted through the agency 
of stock-brokers, who receive a brokerage on the stock. The broker- 
age is generally reckoned at J of 1% on the par value of the stock. 
Thus, if a broker sells stock for a person at 91, that person receives 
90 J; and if he buys stock for a person at 91, that person pays 91 J. 

(1) How much would be received for 52 shares of stock, 
$100 each, at 89 i? 

J will represent the brokerage. 

89 J — J = 89f , price to the seller. 

Hence, 1 share will bring $89f; and 52 shares, 52 x $89 j 

= $4647.50. Ans. 
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(2) What amount of stock at 84} may be bought for 

$9393.375 ? 

If } be the brokerage, 
84 J + } = 84 J, price to the buyer. 
Hence, $ .84f buys $1 stock, and $ 9393.375 will buy 

|9393.375-«- .84| = $11,100. Am. 

(3) What is the quoted price of stock when $42,464.25 is 

paid for $46,600 stock? 

If $46,600 stock cost $42,464.25, 
then $1 stock costs $42,464.25 -*- 46,600 = $.91 J. 

Hence, the stock is quoted at 91 J — } brokerage = 91. Arts. 

Exercise LXXIII. 

In the following examples the prices of stocks include 
brokerage unless otherwise stated : 

1. Find the cost of $4000 stock, at 109 J. 

2. Find the cost of $2500 stock, at 98. 

3. Find the cost of $3900 stock, at 78 J. 

4. Find the cost of $4700 stock, at 100}. 

5. Find the cost of $1250 stock, at 87f , brokerage }. 

6. How much bank stock, at 75 J, may be bought for 

$8729? 

7. How much railroad stock, at 91}, may be bought for 

$4237^? 

8. How much railroad stock may be bought for $ 6305, at 

1211? 

9. How much railroad stock may be bought for $5137.50, 

at 102} ? 

10. How many $ 100 railroad shares, at 68|, may be bought 

for $1650? 

11. What must be the price of stock, in order that $9200 

stock may be bought for $8970? 
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' 12. If $1500 stock be bought for $1374.375, what is the 
price of the stock ? 

(1) What income will be derived from $18,700 6% stock ? 

.06 off 18,700 = fll22. Ans. 

(2) How much 5% stock must be bought to give an income 

of $360? 

Since $.05 is derived from $1 stock, $360 will be derived 
from $360 -4- .05 = $ 7200. Ans. 

13. What income will be derived from $29,700 4% stock ? 

14. Find the income from $4500 6% stock. 

15. How much will a person receive from $9400 railroad 

stock if a dividend of 3}% be declared ? 

16. How much 8% stock must be bought to give an income 

of $2400? 

17. A person receives $343 as his semi-annual dividend 

from a 7% stock. How much stock does he hold? 

18. Find the total income of a person whose property con- 

sists of $3000 6% stocks and $8200 7% stocks. 

19. Find the rate of dividend paid by some stock, when a 

holder of $24,600 receives $924.50. 

20. Find the rate per cent at which $11,100 will yield a 

semi-annual return of $499.50. 

Ex. If $10,250 be invested in 6% stock, at 102J, what in- 
come will be obtained ? 

$102} is the cost of $100 stock. 

Hence, $10,250 = cost of $10,250 + 1.025 = $10,000 stock. 

And .06 of $ 10,000 = $ 600. Ans. 

21. If $19,500 be invested in 4% stock, at 91, what income 

will be received ? 

22. Find the income on $7000 when invested in 4% stocks, 

at 1031. 
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23. What income will be derived from $6800 if it be in- 

vested in 7% stocks, at 130? 

24. A person invests $7650 in railroad stock, at 63i. What 

will he receive if a dividend of 3i% be declared? 

Ex. If a person buys 6% stock at 120, what rate of interest 
does he receive on his money invested ? 

$ 100 stock costs $ 120. $ 100 stock pays $ 6. 

Hence, the $120 invested pays $6. 

Therefore, the rate of interest is 6 -*- 120 = .05 or 5%. 

25. If 3% stocks are at 88 J, what rate per cent interest will 
* a purchaser receive on his money ? 

26. If an 8% stock is at 150, what rate per cent interest 

will a purchaser receive on his money ? 

27. If a 10% stock is at 175, what rate per cent interest 

will an investor receive on his money ? 

28. If a 4£% stock is at 85, what rate per cent interest will 

a purchaser receive on his money ? 

29. If a 7% stock is at 114, what rate per cent interest will 

a purchaser receive on his money ? 
80. If a 6% stock is at 130, what rate per cent interest will 
a purchaser receive on his money ? 

31. If an 8% stock is at 140, what rate per cent interest 

will a purchaser receive on his money ? 

32. How much money must be invested in 4% stock, at 92, 

to receive $245 income? 

33. Find the sum required for an investment in a 4% stock, 

at 98 i, to produce an income of $200 a year. 

34. A person bought some bank Btock at 107, and received 

$384.25 when a dividend of 7}% was paid. How 
much had he invested ? 

35. What must be the price of a 5 % stock, in order that a 

buyer may receive 6 % on his money ? 
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36. What must be the price of a 7% stock, in order that a 

buyer may receive 6 % interest on his money ? 

37. What may be paid for an 8% stock, in order that a 

buyer may receive 6% interest on his money? for a 
9% stock? for a 10% stock? 

38. A person invested $2855 in a bank, when the stock was 

at 142$. What is the rate per cent of the dividend 
when he receives $150? 

39. How much will be received for some 3% stock, from 

which an income of $250 has been derived, if sold 
at 87i ? 

40. If a 5% stock pays $340 income, and is sold out for 

$ 7990, at what price is it sold ? 
4L On what per cent stock must an investment have been 
made from which $185.50 was derived yearly, and 
which, when sold out at 97, brought $5141 ? 

42. A person receives 44 % interest on his money by invest- 

ing it in some 6 $> stock. At what price did he buy it ? 

Ex. What alteration will be made in an income by selling 
$10,000 4% stocks at 89J, including brokerage, and 
buying 5% stock at 105, including brokerage? 

It ia necessary to determine three things : 

(1) The income derived frcm the 4% stock. 

(2) The amount received for the 4% stock when sold at 89J. 

(3) The income which this amount will produce when invested 
in the 5% stock, at 105. 

(1) .04 of $ 10,000 = $400, income from 4% stock. 

(2) .89 J of $10,000 = $ 8925, amount from the 4% stock. 

(3) $1.05 is paid for $1 worth of 5% stock. Hence, $8925 is 
paid for $8925 -*- 1.05 = $8500 stock. 

.05 of $8500 = $425, income from 5% stock. 
$ 425 — $ 400 = $ 25, increase in income. 

43. If $4800 3% stocks be sold at 88, and the proceeds be 

invested in 5$> Btocks at 105$, what additional in- 
come will be obtained ? 
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44. IF $7800 31% stocks be sold at 60, and the proceeds be 

invested in 5% stocks at 90, find the alteration in 
income. 

45. If $10,000 3% stocks be sold at 88, and the proceeds 

be invested in 31% stocks at par, find the alteration 

in income. 
4a If $10,000 8% stocks be sold at 150, and the proceeds 

be invested in 6% stocks at par, find the alteration 

in income. 
47. If $8000 10% stocks be sold at 170, and the proceeds 

be invested in 5% stocks at 68, find the alteration in 

income. 
4a If $ 7000 8% stocks be sold at 150, and the proceeds be 

invested in 6% stocks at 105, find the alteration in 

income. 

49. If $1000 8% stocks be sold at 170, and the proceeds be 

invested in 5% stocks at par, find the alteration in 
income. 

50. If $8000 5% stocks be sold at 90, and the proceeds be 

invested in 31% stocks at 60, find the alteration in 
income. 

51. If $10,000 3}% stocks be sold at 65, and the proceeds 

be invested in 8% stocks at 130, find the alteration 
in income. 

52. If $8000 41% stocks be sold at 70, and the proceeds be 

invested in 10% stocks at 160, find the alteration in 
income. 

53. If $6000 6% stocks be sold at 90, and the proceeds be 

invested in 10% stocks at 135, find the alteration in 
income. 

54. Find the rate of interest obtained by investing in a 

stock, at 124, paying 6i per cent per annum. 

55. What is the price of stock if $ 7000 stock can be bought 

for $5880? 
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56. Find the price of mining shares issued at $15 a share 

and sold at 2J% discount? 

57. How much 3£% stock must be sold at 81 J, in order to 

buy $5000 4% stock at 94 i ; brokerage, i in each 
transaction. 

58. How much stock must be sold at 96} to raise a sufficient 

sum for discounting a note for $ 1000, due 49 days 
hence, and discounted at 5£% ? 

59. A broker bought $5000 stock at 88i. At what price 

must he sell it to gain $ 100 ? 
GO. If a broker buy stock at 85, at what price must he sell 
it to make 12 J % profit ; brokerage, i on each tran- 
. saction. 

61. Which is the more profitable stock for investment, a 

4% at 85 or a 3% at 63? a 31% stock at 671 or a 
4% stock at 81 J? 

62. Find the price of a 4i% stock to equal a 3i% stock 

at 88i ? 

63. Find the price of a 5% stock to equal a 3% stock at 89i. 

64. Find the price of a 3i% stock to equal a 6% stock at 

par. 

65. Find the profit or loss in buying $80,000 stock, at 91|, 

and selling at 90 ; brokerage, i on each transaction. 

66. Which is the better investment, a 5% stock, at 137J, 

or a 3i% stock at 91 £ ? What rate of interest would 
be received from each investment ? 

67. A person invests $ 7370 in the purchase of a stock at 

92. What loss will he sustain if he sell at 90, broker- 
age being i in each transaction ? 

68. How much stock must be sold at 901 so that when the 

proceeds are invested in a mortgage, at 6%, $543.75 
a year may be received ? 
69. . A person invests \ of his money at 6%, \ at 4J%, and 
the rest at 33%. What per cent will he receive on 
the whole amount? 



CHAPTER XIX. 

EXCHANGE. 

872. A draft or bill of exchange is a written order direct- 
ing one person to pay a specified sum of money to another. 

Thus, if B. Smith of Portland owes S. Brown of Boston $ 500; 
when the debt becomes due, Smith procures a draft from a bank in 
Portland on a bank in Boston, and sends it by mail to Brown of 
Boston. The bank in Portland makes the draft payable to the order 
of B Smith (unless otherwise directed), and Smith writes on the back 
of the draft, " Pay to the order of S. Brown," and signs it. On re- 
ceipt of the draft, Brown takes it to the bank named in the draft, 
writes his name across the back of the draft, and receives his money. 

873. A time draft is a draft payable at a specified time 
after sight (or date). 

When the person on whom a time draft is drawn accepts a draft, 
he writes the word "Accepted," with the date, across the face, and 
signs his name. The draft is then called an aooeptanoe, and the 
acceptor is responsible for its payment. 

An acceptance is of the nature of a promissory note, and when dis- 
counted the discount is calculated for the specified time and three days 
qf grace. 

374. The system of paying debts due to persons living at 
a distance, by transmitting drafts instead of money, is called 
exchange. 

The rate per cent which the cost of a draft is more or less than its 
face is called the rate of exohange. 

The comparative value of the coins of different countries is called 
the par of exohange. 

The par of exchange as modified by the rate of exchange is called 
the oovxie of exohange. 
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(1) Find the cost of the following draft, exchange being i 

of 1% premium, and interest 6%. 

$800. Cincinnati, 0., Feb. 8, 1881. 

Thirty days after sight pay to the order of S. Clark eight 
hundred dollars, and place to the account of 

To H. Wright, Philadelphia. P. CLEMENT. 

$800.00 
.0055 of $800 = 4.40 discount at 6% for 33 days. 

$ 795.60 proceeds of draft (cost at par). 
.005 of $ 800 = 4.00 premium at J of 1%. 

$ 799.60 cost of draft. 

(2) Find the cost of a draft for $400, payable 60 days after 

sight, exchange being t of 1% discount, and interest 
7%. 

$400.00 
.01225 of $400 = 4.90 discount at 7% for 63 days. 

$395.10 proceeds of draft (cost at par). 
.0025 of $400 = 100 discount at J of 1%. 

$394.10 cost of draft. 

(3) Find the face of a draft, payable 30 days after sight, 

that can be bought for $1000, exchange being i of 
1% premium, and interest 6%. 

$.0055 = Discount on $ 1 for 33 days, at 6% 
$1 - $.0055 = $.9945 proceeds of $ 1. 
$.0025 premium on $1. 
$.997 cost of $1. 
Therefore. $1000 + .997 = $1003.01 face of draft. 

Exercise LXXIV. 

1. Find the cost of a draft on New York for $1100, at i of 

\% premium. 

2. Find the cost of a draft on New Orleans for $1350, at \ 

of 1 % discount. 
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3. Find the cost of a draft for $1600, payable 30 days after 

sight, when exchange is i of 1% premium, and in- 
terest 6%. 

4. Find the cost of a draft for $500, payable 60 days after 

sight, when exchange is } of 1% discount; and inter- 
est 7%. 

5. Find the cost of a draft for $ 1200, payable in 90 days 

after sight, when exchange is £ of 1 % premium, and 
interest 7%. 

6. Find the cost of a draft for $950, payable in 30 days, 

when exchange is at par and interest 4}%. 

7. Find the cost of a draft for $ 725, payable in 60 days, 

when exchange is at J of 1% discount, and interest 
5%. 

8. Find the cost of a draft for $810, payable in 90 days, 

when exchange is at i of 1 % premium, and interest 
5J%. 

9. Find the face of a draft, payable 30 days after sight, 

that can be bought for $274, when exchange is at par, 
and interest 6%. 

10. Find the face of a draft, payable 60 days after sight, 

that can be bought for $ 1250, when exchange is at J 
of 1% premium, and interest 7%. 

11. Find the face of a draft, payable 60 days after date, 

that can be bought for $1125, when exchange is. at i 
of 1% discount, and interest 5}%. 

12. Find the face of a draft, payable 30 days after date, 

that can be bought for $520, when exchange is at J 
of 1% premium, and interest 4%. 

13. Find the face of a draft, payable 90 days after date, 

that can be bought for $10,000, when exchange is at 
par, and interest 41 %. 
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Fobeign Exchange. 

(1) Find the cost of a draft on London for £502 12 s., in 

New York, when sterling exchange is quoted at 4.85. 

£502 12 «. = £502.6. 
f 4.85 X 502.6 = $2437.61. Am. 

(2) Find the face of a draft on London that can be bought 

for $2425.77, when sterling exchange is quoted at 

4 - 85 - $ 2425.77 -*- ?4.85 = 500.2. 

£500.2 = £500 4 s. Am. 

Exercise LXXV. 

1. Find the cost of a draft on London for £320 10 s. 6 c?., 

when sterling exchange is quoted at 4.83. 

2. Find the cost of a thirty-day draft on London for £150, 

when thirty-day bills are quoted at 4.82, and the 
broker's commission is J of 1 % of cost of draft. 

3. Find the cost of the following draft, when sixty-day 

bills are quoted at 4.81, and the broker's commission 
is J of 1 % oi cost of draft : 

£500. New York, Feb. 17, 1881. 

Sixty days after sight of this First of Exchange (Second 
and Third of the same tenor and date unpaid), pay to the 
order of James Wilson five hundred pounds, value received, 
and charge to account of Simon Morton & Co. 

To James Sage & Co., ] 

London. J 

Note. Foreign Bills are generally drawn in sets of three, of the 
same tenor and date, called First, Second, and Third of Exchange. 
These are sent by different mails to avoid loss or delay. When one 
is accepted or paid the others are void. 
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4. Find the face of a draft on Glasgow that can be bought 

for $2000, when sterling exchange is quoted at 4.84. 

5. Find the face of a draft on Dublin that can be bought 

for $135.24, when sterling exchange is quoted at 4.83. 

6. How large a draft on London can be bought for $4000, 

when exchange is quoted at 4.86J. 

Exchange on Paris is quoted at so many francs for $ 1. 

Ex. What will be the cost of a draft on Paris for 7740 fr., 
when Paris exchange is quoted at 5.16? 

7740 -h 5.16 = 1500. 
Hence, draft of 7740 fr. = $ 1500. 

7. Find the cost of a draft on Paris for 8000 fr., when Paris 

exchange is quoted at 5.12f, and brokerage is J of 1%. 

8. Find the cost of a draft on Paris for 10,000 fr., when 

Paris exchange is quoted at 5.14. 

9. How large a sixty-day draft on Paris can be bought for 

$1500, when sixty-day bills are quoted at 5.11}? 

10. How large a sight draft on Paris can be bought for 

$2840, when Paris exchange is quoted at 5.13}? 

Exchange on Germany is quoted at so many cents for four reich* 
marks. 

Ex. What will be the cost of a draft on Berlin for 446(7 
marks, when German exchange is quoted at .95 ? 
*£A c f $.95 = $ 1059.25. 

11. Find the cost of a draft on Hamburg for 2876 marks, 

when German exchange is quoted at .95}. 

12. Find the cost of a draft on Munich for 12,000 marks, 

when German exchange is quoted at .94f . 

13. How large a draft on Frankfort can be bought fbi- 

$1200, when German Exchange is quoted at .95} ? 



CHAPTEE XX. 

AVERAGES. 

< 

Ex. If a dozen eggs weigh 666 g , what is their average 

weight ? 

Since the 12 eggs weigh 666*, t]ie average weight of an egg 
will be ^ of 666* = 55.5 «. * 

The average weight is sometimes called the mean weight. 

Exercise LXXVI. 

1. If a dozen eggs weigh 692 g , what is the mean weight of 

an egg ? 

2. Seven boys weigh respectively 119.7 lbs., 105 lbs., 178.3 

lbs, 165.3 lbs, 142.8 lbs, 109 lbs, 154.2 lbs. What 
is their average weight ? 

3. A merchant mixes 1 lb. of coffee worth 27 cents, 1 lb. 

worth 35 cents, and 1 lb. worth 40 cents. What are 
the three pounds together worth? How much a 
pound is the mixture worth? 

4. A merchant mixes 2 lbs. of coffee worth 27 cents a pound, 

3 lbs. worth 35 cents a pound, and 1 lb. worth 40 
cents. What is a pound of the mixture worth ? 

5. What is the value per pound of a mixture of coffee con- 

taining 7 lbs. worth 26 cents a pound, 4 lbs. worth 31 
cents a pound, and 10 lbs. worth 34 cents a pound ? 

6. What is the cost of a gallon of the mixture in which 7 

gals, cost 67 cents a gallon, 5 gals, cost 48 cents a 
gallon, and water, without cost, was added until there 
were 15 gals, of the mixture ? 
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7. If 7 1 of water be poured into a vessel containing 3 1 of 

sulphuric acid, specific gravity 1.840, and the mixture 
shrink to 9.972 1 , what is the specific gravity of the 
mixture? 

8. If 4 1 of water and l 1 of sulphuric acid, specific gravity 

1.842, when mixed shrink £ of 1%, what is the spe- 
cific gravity of the mixture ? 

Ex. In what proportion must alcohol of specific gravity .800 
be mixed with water to bring the specific gravity to 
.925, if no allowance be made for condensation ? 

The specific gravity of the alcohol lacks .125 of the required 
specific gravity ; and specific gravity of the water is 075 above 
the required specific gravity. 

Therefore, the alcohol is to the water in the inverse ratio of 
125 to 75. That is, 

Alcohol : water = 75 : 125 = 3 : 5. 

To test this answer: 3 1 of alcohol weigh 2.4**, 5 1 of water 
weigh 5** ; therefore, 8 1 of the mixture weigh 7.4**, and the spe- 
cific gravity of the mixture is ^ = .925. 

9. In what proportions must tin of specific gravity 7.29 

and lead of specific gravity 11.35 be mixed to make 
a solder of specific gravity 10.21, if no allowance 
be made for expansion or condensation? (Test the 
answer.) 

10. In what proportions must oils worth $1.25 and 80 cents 

a gallon be mixed to make a mixture worth $1 a 
gallon ? (Test the answer.) 

11. In what proportion may oils worth $1.20, 80 cents, and 

60 cents a gallon be mixed so that the mixture shall 
be worth 70 cents a gallon ? 

The price of the mixture may be brought to 70 cents by adding 
to the 60-cent oil either of the better oils, or both mixed in any 
proportion. 
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When the 80-cent oil alone is taken, in what ratio to the 
60-cent must it be used? When the $1.20 oil alone 
is taken, in what ratio to the 60-cent oil must it be 
used? When the $1.20 and 80-cent oils are mixed 
gallon for gallon, how much 60-cent oil must be 
added? When 1 gal. of the $1.20 oil and 3 of the 
80-cent oil are taken, how much 60-cent oil must be 
added? If three-fourths of the mixture consist of 
the 60-cent oil, what per cent of each of the other 
two must be taken ? 

12. A solder composed of tin and lead, specific gravities 7.29 
and 11.35, has a specific gravity of 10.44. What is 
the weight of each metal in a kilogram of solder? 

Average of Payments. 

Ex. John Smith has given to William Jones notes as fol- 
lows : $150, due May 15 ; $200, due June 30 ; $500, 
due July 21. He wishes to pay them all at one time. 
When shall they be considered due ? 

If all the notes were paid May 15, Smith would lose the use 
of $200 for 46 days, and of $500 for 67 days. 

The use of $200 for 46 days is equal to the use of $200 x 46 
for 1 day ; and the use of $500 for 67 days is equal to the use of 
$500 x 67 for 1 day. Smith would, therefore, lose what is equiva- 
lent to the use of $9200 + $33,500 = $42,700 for 1 day, and is 
entitled to keep the $150 + $200 + $500 = $850 as many days 
after May 15 as are required for the use of $850 to equal the use 
of $42,700 for 1 day, or ±||£* days = 50.2 days. Hence, the 
equated time for paying all the notes is 50 days after May 15 ; 
that is, July 4. 

The work may be arranged as follows : 

$150 x 00 = 
$200x46= $9,200 
$500 x 67 = $33,500 
$850 ) $42,700 

50.2 
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13. Find the equated time for the payment of $250 due in 

3 mos., $400 due in 6 mos., $700 due in 8 mos. 

14. Find the equated time for the payment of $300 due in 

30 dys., $500 due in 60 dys., and $200 due in 90 
dys. 

15. Find the equated time for the payment of $325 due 

now, $200 due in 30 dys., $460 due in 60 dys., and 
$150 due in 90 dys. 

16. Find the equated time for the payment of $240 due 

May 10, $420 due July 2, $310 due Sept. 14, and 
$600 due Oct. 1. 

17. Find the equated time for the payment of $275 due 

June 21, $175 due July 16, $200 due Aug. 6, and 
$ 150 due Sept. 3. 

18. Find the equated time for the payment of $112.30 due 

July 6, $115.25 due July 30, $232.15 due Sept. 4, 
and $102.36 due Oct. 1. 

Ex. A owes B $200 due in 10 mos. If he pays $120 in 

4 mos. when should he pay the balance ? 

By paying $120 in 4 months A loses the use of $120 for 6 
months, which is equal to the use of $720 for 1 month. There- 
fore, he is entitled to keep the balance ($80) */#■ months = 9 
months after its maturity. 

19. A owed B $2000 payable in 4 mos., but at the end of 

1 mo. he paid him $500, at the end of 2 mos. $500, 
and at the end of 3 mos. $ 500. In how many months 
is the balance due ? 

20. A merchant bought, Feb. 11, 1881, a bill of goods amount- 

ing to $1700, on 4 months' credit ; but he paid Mar. 
22, $400, Apr. 20, $220, May 10, $300. When is the 
balance due? 
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21. 



Find the equated time of maturity of each of the follow- 
ing bills, and the amount due at settlement, including 
interest at 6% : 

James Price, to John Bates, Dr. 
1881. 

To mdse. on 4 mos. credit . . . $ 120.50 

" 3 " " ... 87.33 

" 3 " " ... 218.17 

11 4 " " ... 317.00 



Apr. 5. 
Apr. 15. 
May 7. 
May 21. 



$ 743.00 
Paid Oct. 18, 1881. 



Find the equated time for payment, reckoning from July 15, which 
is the earliest date that any item becomes due, and find the interest 
on the whole bill from the equated time to Oct. 18. As this is not 
banking business, allow no days of grace. 



22. Hall & Co. bought of Boles & Co. 

1881. 

Feb. 11. To mdse. on 30 dys. ...... $250.00 

2 mos 500.00 

3 mos 150.00 

60 dys 1000.00 

Paid Nov. 10, 1881. 



Apr. 20. 
May 31. 
July 6. 



a 



(i 



(< 



23. Find the equated time of maturity of each side of the 
following account : 

Adams & Co. in account with Bacon & Co. 



Dr. 










Cb. 


1881. 












Jan. 3. 


To mdse. 90 dys. 


$250 


Apr. 11. 


By cash, 


$200 


Mar. 7. 


60 " 


150 


Apr. 30. 


K 


100 


May 3. 


60 " 


325 


May 30. 


<( 


125 


June 7. 


30 " 


175 


July 2. 


it 


400 



Note. On the Dr. side is the statement of the goods sold by Bacon 
& Co. to Adams & Co. ; and on the Or. side is the statement of the cash 
paid by Adams & Co. to Bacon <fe Co. 
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Ex. Find the time for payment of the balance of an account, 

if the debit and credit sides, when equated, stand as 

follows : 

D*. . Cb. 

Due May 29, 1881, $900 | Due May 30, 1881, $ 825. 

Difference in equated time = 1 day. 
Balance of account = $900 - $ 825 = $75. 

If the account were settled at the later date, May 30, the $900 
on the Dr. side would have been on interest 1 day, and this is equiva- 
lent to having the balance, $75, on interest *f$- °f 1 cby = 12 days. 
Hence, the balance should begin to draw interest 12 days before May 
30 ; that is, May 18. 

Ex. Find the time for payment of the balance of an ac- 
count if the debit and credit sides, when equated, 
stand as follows : 



Cr. 
Due Jan. 20, 1881, $850 



Dr. 
Due Feb. 18, 1881, $950 

Difference in equated time, 29 days. 
Balance of account, $950 - $ 850 = $ 100. 

If the account were settled at the later date, Feb. 18, the $850 
would have been on interest 29 days, which is equivalent to having the 
balance, $ 100, on interest f £# of 29 days = 246J days. Hence, to in- 
crease the Dr. side by an equal amount of interest, the balance should 
remain unpaid 247 days ; that is, the balance is due Oct. 23, 1881. 

375. From the two preceding examples is derived the 

following 

Rule for Equating Accounts. 

Find the equated time for each side of the account. 

Multiply the side of the account that falls due first by the 
number of days between the dates of the equated times of the 
two sideSy and divide the product by the balance of the ac- 
count. 

The quotient will give the number of days to the maturity 
of the balance, to be counted forward from the later date when 
the smaller side falls due first, and backward when the larger 
side falls due first. 
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Find the time for paying the balance in the following 
equated bills : 



Average due. Dr. 

24. May 17, 1881 . . $950 

25. Apr. 12, 1881 . . $950 
28. May 30, 1881 . . $ 1000 



Average due. Cr. 

Apr. 12, 1881 .... $1000 

May 17, 1881 . . . . v $1000 

June 23, 1881 .... $920 



27. July 6, 1881. . . $500 , Apr. 14, 1881 .... $480 

Note. In finding the equated time of accounts it is customary to 
neglect cents if less than 50, and if 60 or more to consider them as $1. 
A fraction of a day in the result is rejected if less than £ ; if i or more 
it is called a day. 

376. When an account is settled by cash at any other date 
than that at which the balance becomes due, the interest is 
found on the balance for the interval between the day of 
settlement and the day the balance is due, and is added to, 
or deducted from, the balance, according as the settlement 
is made after or before the balance is due. 

377. Another method is by computing the interest on 
each item, from its date to the day of settlement. (The 
time is reckoned in days.) 



1881. 



Dr. Int. 



Apr. 8. To cash, $ 250 
May 31. " 380 

July 20. " 420 

Oct. 10. To bal. acct. 210 
" 10. " int. 



1260 



$7.71 
8.36 
5.74 

8.54 



$30.35 



1881. Cb. 

Apr. 4. By mdse. $300 

May 19. " 350 

June 9. " 610 

Settled Oct. 10, 1881. 



Int. 
$9.45 
8.40 
12.50 



$30.35 



$1260 

Hence, cash balance = $ 210 + $ 8.54 = $ 218.54. Am. 

When the balance of account and the balance of interest fall on 
opposite sides, the cash balance is their difference. 
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Find (by either method) the cash balance in the follow- 
ing bills, reckoning interest at 6% : 



2a 








1881. 


Db. 


1881. 


Cb. 


Apr. 5. To mdse., 


f250.00 


Apr. 20. By cash, 


1200.00 


" 27. 


610.00 


" 30. 


600.00 


June 1. 


200.00 


June 4. 


400.00 



Db. 



Settled June 20, 1881. 

1881. Cb. 

Apr. 26. By cash, $ 150.00 

May 17. " 150.00 

July 7. " 200.00 

Settled Oct. 10, 1881. 

Note. Since the Dr. items have the same term of credit, find the 
equated time of these items, and count forward from that date 3 mos. 
for the term of credit. 



29. 

1881. 

Jan. 15. To mdse. 3 mos. $250.00 
Feb. 25. " 3 " 98.50 

Mar. 7. " 3 " 300.00 



30. 

1881. Db. 

Jan. 3. To mdse. 30 dys. $100.00 
Mar. 8. " " 200.00 

May 10. " " 150.00 

June 2. " 95.00 



1881. 


Cb. 


Feb. 25. By cash, 


$100.00 


Mar. 22. 


150.00 


June 20. 


200.00 



Settled Aug. 2, 1881. 



SL 




1881. 




Apr. 5. 


To mdse., 


" 27. 


k 


June 4. 


<c 


32. 




1881. 




Mar. 10. 


To mdse., 


Apr. 20. 


<< 


May 5. 


(i 



(I 



17. 



Db. 

$250.00 

670.00 

200.00 



Dr. 

$580.00 

200.00 

150.00 

325.00 



1881. 




Cb. 


Apr. 20. 


By cash, 


$200.00 


" 30. 


(< 


500.00 


June 1. 


<< 


400.00 




Settled Sept. 


1, 1881. 


1881. 




Cb. 


Mar. 15. 


By cash, 


$500.00 


Apr. 15. 


u 


300.00 


" 25. 


<t 


120.00 


May 20. 


<( 


225.00 



Settled June 4, 1881. 



CHAPTER XXI. 

POWERS AND ROOTS. 

378. The square of a number is the product of two fac- 
tors, each equal to this number. 

Thus, the squares of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
are 1, 4, 9, 16, 25, 36, 49, 64, 81, 100. 

379. The square root of a number is one of the two equal 
factors of the number. * 

Thus, the square roots of 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 
are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 

380. The square root of a number is indicated by the 
radical sign -y/, or by the fractional exponent * written 
above and to the right of the number. 

381. Since (2*) 2 = (16) 2 =256=2 8 ; and (2*)* = (16)* = 4 
= 2 2 , it is evident that, 

A power of a power of a number, or a root of a power of a 
number, is that number with an exponent equal to the prod- 
uct of the given exponents. 

382. Since 35 = 30 + 5, the square of 35 may be obtained 
as follows : 

30+5 

30+5 30*= 900 

30 2 + (30x5) 2(30x5)= 300 

(30 X 5) + 5 a 5 2 =_25 

30 2 + 2(30x5) + 5 2 =1225 
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383. Hence, since every number consisting of two or more 
figures may be regarded as composed of tens and units, 

The square of a number will contain the square of the 
tens + twice the tens X the units + the square of the units. 

Square Root. 

384. The first step in extracting the square root of a 
number is to mark off the figures in periods. 

Since 1 =- 1*, 100 =» HP, 10,000 = 100*, and so on, it is evident that 
the square root of any nnmber between 1 and 100 lies between 1 and 
10 ; of any number between 100 and 10,000 lies between 10 and 100. 
In other words, the square root of any number expressed by one or 
two figures is a number of one figure ; of any number expressed by 
three or four figures is a number of two figures ; and so on. 

If, therefore, an integral number be divided into periods of two 
figures each, from the right to the left, the number of figures in the 
root will be equal to the number of periods. The last period at the 
left may consist of only one figure. 

Ex. Find the square root of 1225. 

Since 1225 consists of two periods, the square root 
12'25 (35 w ^ consist of two figures, 
n The first period, 12, contains the square of the 

np An nc tens* number of the root. 

The greatest square in 12 is 9, and the square root 
" ^d of 9 is 3 Hence, 3 is the tens' figure of the root. 

The square of the tens is subtracted, and the re- 
mainder, 325, is twice the tens x the units + the square of the units. 
Twice the 3 tens is 6 tens, and 6 tens is contained in the 32 tens 
of the remainder 5 times. Hence, 5 is the units' figure of the root. 

• Since twice the tens X the units + the square of the units is equal 
to (twice the tens + the units) x the units, the 5 units are annexed to 
the 6 tens, and the result, 65, is multiplied by 5. 

385. The same method will apply to numbers of more 
than two periods, by considering the part of the root al- 
ready found as so many tens with respect to the next figure 
of the root. 
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Ex. Extract the square root of 7890481. 

7'89'04'81 (2809 When the third period, 04, is brought 

4 down, and the divisor, 56, formed, the next 

48) 3 89 figure of the root is 0, because 56 is not 

3 34 contained in 50. The is then placed 

5609)5 04 81 k°*h i n *h e ro °^ * n( l th Q divisor, and the 

5 04 81 nex * * wo ^g 11168 ' 81 1 are brought down. 

386t If the square root of a number have decimal places, 
the number itself will have twice as many. 

Thus, if .11 be the square root of some number, the number will 
be (ll) 8 = . 11 X. 11 = .0121. 

Therefore, the number of decimals in every square number will be 
even; and the number of decimal places in the root will be half as 
many as in the given number itself. 

Hence, if a given square number contain a decimal, and if it be 
divided into periods of two figures each, by beginning at the decimal 
point and marking toward the left for the integral number, and 
toward the right for the decimal, the number of periods to the left of 
the decimal point will show the number of integral places in the root, 
and the number of periods to the right will show the number of deci- 
mal places in the root. 

Ex. Extract the square root of 52.2729. 

52.27'29(7.23 
49 

142 ) 3 27 ^ w ^ ^ e seen from the periods that the 

2 34 root will have one integral and two deci- 

1443)4329 mal place8> 

43 29 

387. If a number contain an odd number of decimal 
places, or if any number give a remainder, when as many 
figures in the root have been obtained as the given number 
has periods, then its exact square root cannot be found. 
We may, however, approximate to the exact root as near as 
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we please, by annexing ciphers and continuing the opera- 
tion. The result will be a constantly varying succession of 
figures. 

Ex. Extract to six places of decimals the square root of 19. 



19.00'00'00 (4.358899 
16 


83)3 00 
249 


865) 51 00 
43 25 


8708) 7 75 00 
6 96 64 


8716) 78 360 
69 728 


8 6320 
7 8444 


78760 
78444 



In this example, after finding four 
figures of the root, the other three are 
found by common division. The rule 
in such cases is, that one less than the 
number of figures already obtained may 
be found without error by division, the 
divisor to be employed being twice the 
part of the root already found. 



388. The square root of a common fraction is found by 
extracting the square roots of the numerator and denomi- 
nator. But when the denominator is not a perfect square, 
it is best to reduce the fraction to a decimal and then 
extract the root. 

Thus, the square root of Jf}- = {%• 

Exercise LXXVII. 

Find the square roots of: 

1. 2916. 5. 3,345,241. 9. 53.7289. 

2. 7921. 6. 125457.64. 10. 883.2784. 

3. 494,209. 7. 47,320,641. 11. 1.97262025. 

4. 20,164. a 21,609. 12. .0002090916. 
13. 2. 14. 5. 15. .3. ia 3i. 17. 8$. 18. .9. 
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19. Find in yards the side of a square field containing 20 

acres. 

20. Find the side of a square the area of which is 150 sq. ft. 

9 sq. in. 

21. Find the side of a square the area of which is 8 sq. yds. 

7 sq. ft. 73 sq. in. 

Find to six places of decimals the square roots of : 

22- ♦; *; i; t; *; *; £; f 

Sometimes the square root of a number may be most 
easily found by resolving the number into its prime factors, 
and taking the roots of the factors separately. 

Thus, 1089 = 3* x 11*. 
Hence, V1089 = 3 x 11 - 33. 

Find, by factoring, the square roots of : 

23. 2025; 17.64; 2.0164; 533.61; 204.49. 

The sum of two numbers multiplied by their difference is 
equal to the difference of their squares. 

Thus, the sum of 3 and 5 is 8, their difference is 2, and 2x8 = 16; 
and the difference of their squares, 25 — 9, is 16. 

In a right triangle, 

The sum of the squares on the two legs is 
equivalent to the square on the hypotenuse. 

Thus, if 3 and 4 represent respectively the legs of a right triangle, 
the hypotenuse = V3* + 4 8 = \/25 = 5. 

And if 5 represent the hypotenuse of a right triangle, and 4 one 
leg, then the other leg is V(5 + 4) (5 - 4) = V9~= 3. 

24. A ladder 13 ft. long standing on level ground reaches 

a window 12 ft. from the ground. How far from the 
wall is the foot of the ladder ? 

25. The two legs of a right triangle are 35 in. and 84 in. 

respectively. Find the hypotenuse. 
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26. The hypotenuse of a right triangle is 61 in., and one leg 

11 in. Find the other leg. 

27. Find the longest straight line that can be drawn on the 

floor of a room 20 ft. by 15 ft. 

28. Find the longest line in a box that is 8 ft. long, 4 ft. 

wide, 1 ft. deep. 

Cube Root. 

389. The cube of a number is the product of three factors, 
each equal to the number. 

The cubes of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
are 1, 8, 27, 64, 125, 216, 343, 512, 729, 1000. 

390. The cube root of a number is one of the three equal 

factors of the number. 

Thus, the cube roots of 1, 8, 27, 64, 125, 216, 343, 512, 729, 1000, 
are 1,2, 3, 4, 5, 6, 7, 8, 9, 10. 

391. The cube root of a number is indicated by -fy y or by 
the fractional exponent * written above and to the right of 
the number. 

Thus, ^343, or 343*, means the cube root of 343. 

392. Since 35 = 30 + 5, the cube of 35 may be obtained 
thus : 

30+5 
30+5 

30 2 + (30x5) 308 = 27,000 

+ (30 X 5) + 5 2 3 (30 2 x 5) - 13,500 

30 2 + 2 (30 x 5) + 5 2 3 (30 X 5 2 ) = 2,250 

30+5 5 s = 125 

308 + 2 (302x5)+ (30 X5 2 ) 42,875 

(30 2 x5) + 2(30x5 2 ) + 5 8 
s + 3(302 X 5) + 3(30 X 5 2 ) + 5 3 
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Hence, the cube of any number composed of tens and 
units contains four parts : 

I. The cube of the tens. 

II. Three times the product of the square of the tens by 
the units. 

III. Three times the product of the tens by the square of 
the units. 

IV. The cube of the units. 

In extracting the cube root of a number, the first step is 
to mark it off in periods. 

Since 1 = l 8 , 1000 = 10 3 , 1,000,000 = 100 3 , and so on, it follows that 
the cube root of any number between 1 and 1000, that is, of any num- 
ber that has one, two, or three figures, is a number of one figure ; and 
that the cube root of any number between 1000 and 1,000,000, that 
is, of any number that has four, five, or six figures, is a number of two 
figures ; and so on. 

If, therefore, an integral number be divided into periods of three 
figures each, from right to left, the number of figures in the root will 
be equal to the number of periods. The last period may consist of 
one, two, or three figures. 

Ex. Extract the cube root of 42875. 



3 x 30 s = 2700 

3 x (30x5)= 450 

5 2 = 25 

3175 



42'875(35 Since 42875 consists of 

27 two periods, the cube root 

1 f- ni,r will consist of two figures. 

The first period, 42, con- 
tains the cube of the tens' 
number of the root. 
15 875 The greatest cube in 42 

is 27, and the cube root of 
27 is 3. Hence, 3 is the tens' figure of the root. 

The remainder, 15875, resulting from subtracting the cube of the 
tens, will contain three times the product of the square of the tens by 
the units + three times the product of the tens by the square of the 
units + the cube of the units. 

Each of these three parts contains the units' number as a factor. 
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Hence, the 15875 consists of two factors, one of which is the units' 
number of the root ; and the other factor is three times the square of 
the tens + three times the product of the tens by the units + the 
square of the unite. The larger part of this second factor is three 
times the square of the tens. 

And, if the 158 hundreds of the remainder be divided by the 3 X 30* 
= 27 hundreds, the quotient will be the units' number of the root. 

The second factor can now be completed by adding to the 2700 
3 x (30 x 5) = 450 and 5» = 25. 

393. The same method will apply to numbers of more 
than two periods, by considering the part of the root al- 
ready found as so many tens with respect to the next figure 
of the root. 

Ex. Extract the cube root of 57512456. 







57'512'456(386 




2700 


27 


3x30* = 


30 512 


3 x (30 X 8) = 


720 




8' = 


64 






3484 


27 872 




2 640 456 


3 x380 s - 


433200 




3 x (380 x 6) = 


6840 




6 2 = 


36 






440076 


2 640 456 



394. If the cube root of a number have decimal places, 
the number itself will have three times as many. 

Thus, if .11 be the cube root of a number, the number is .11 X .11 
X .11 = .001331. Hence, if a given number contain a decimal, and 
if it be divided into periods of three figures each, by beginning at 
the decimal point and marking toward the left for the integral num- 
ber and toward the right for the decimal, the number of periods 
toward the left from the decimal point will show the number of inte- 
gral places in the root, and the number of periods toward the right 
will show the number of decimal places in the root. 
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Ex. Extract the cube root of 187.149248. 

187.149'248(5.72 



125 



3 x 50 2 = 7500 

3 x (50 x 7) = 1050 

7*=_49 

8599 



62 149 



60193 



3 x 570 2 = 974700 

3 x (570 X 2) = 3420 

2 8 = 4 



1 956 248 



1 956 248 



978124 

It will be seen from the periods that the root will have one inte- 
gral and two decimal places, and therefore the decimal point must be 
placed in the root as soon as one figure of the root is obtained. 

395. If the given number be not a perfect cube, ciphers 
may be annexed, and a value of the root may be found as 
near to the true value as we please. 

Ex. Extract the cube root of 1250.6894. 

1'250.689'400(10.77 

1 

3xl0 2 = 300 | 250 

Since 300 is not contained in 200, the next figure of the root will 
beO. 



3 X 100 2 = 30000 
3 X (100x7)= 2100 

7 2 = 49 

32149 



250 689 



225 043 



3 X 1070 2 = 3434700 

3 x (1070 X 7) = 22470 

7 2 = 49 

3457219 



25 646 400 



24 200 533 



1 445 867 
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396i The following method very much shortens the work 
in long examples. 

Ex. Extract the cube root of 5 to five places of decimals. 



3x10* 
3 (10 X 7) 

7 s 



300 
210 
49 
559 
259 



3 x 1700 s 

3 (1700 X 9) 

9 s 



8670000 
45900 

81 

8715981 
45981 



3 X 1709 s = 8762043 



5.000(1.70997 
1 



4000 



3 913 



87 000 000 


78 443 829 
8 556 1710 
7 885 8387 


670 33230 
613 34301 



After the first two figures of the root are found, the next trial divi- 
sor is obtained by bringing down the sum of the 210 and 49 obtained 
in completing the preceding divisor ; then adding the three lines con- 
nected by the brace, and annexing two ciphers to the result. 

It is seen at a glance that when the trial divisor is increased by 
3 times the 17 tens of the root, it will be greater than 87000 ; so that 
is placed in the root, and 3 x 1700* is obtained by annexing two 
ciphers to the 86700. Again the trial divisor is obtained by bringing 
down the sum of the 45900 and 81 which was obtained in completing 
the preceding divisor ; then adding the three lines connected by the 
brace, and annexing two ciphers to the result. 

The last two figures of the root are found by division. The rule in 
such cases is, that two less than the number of figures already ob- 
tained may be found without error by division, the divisor to be em- 
ployed being three times the square of the part of the root already 
found. 
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397 • The cube root of a common fraction is found by tak- 
ing the cube roots of the numerator and denominator ; but 
if the denominator be not a perfect cube, it is best to reduce 
the fraction to a decimal and then extract the root. 

Exercise LXXVIII. 
Find the cube roots of : 

1. 1331. 5. 148877. 9. .007821346625. 

2. 1728. a 2048383. 10. 104.600290750613. 

3. 12.167. 7. 59.776471. 11. 17183498535125. 

4. 300.763. 8. 304957.115891. 12. 122615.327232. 

13. 10 ; 3{- ; 8i to four places of decimals. 

14. 5 ; ■§■ ; 7-| ; £ to four places of decimals. 

16. Find the entire surface of a cube the volume of which 
is 14 cu. ft. 705.088 cu. in. 



The square of (30 + 5) = 30* + 2 (30 x 5) + 5». § 382. 

The 30* may be represented by a square (Fig. 1) 30 in. on a side. 

The 2 (30 x 5) may be represented by two strips 30 in. long and 5 
in. wide, of Fig. 2, which are added to two adjacent sides of Fig. 1. 

The 5* may be represented by the small square of Fig. 3 required 
to make Fig. 2 a complete square. 




Fig. 1. 



Fig. 2. 



Fig. 8. 



In extracting the square root of 1225, the large square, which is 30 
in. on a side, is first removed, and a surface of 325 sq. in. remains. 

This surface consists of two equal rectangles, each 30 in. long, and 
a small square whose side is equal to the width of the rectangles. 

The width of the rectangles is found by dividing the 325 sq. in. by 
the sum of their lengths, that is, by 60, which gives 5 in. 
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Hence, the entire length of the surfaces added is 30 in. + 30 in. 4 
5 in. = 65 in., and the width is 5 in. 

Therefore, the total area is (65 x 5) = 325 sq. in. 



The cube of (30 + 5) = 30* + 3 (30* x 5) + 3 (30 x 5*) + 5*. ? 392. 

The 30 3 may be represented by a cube whose edge is 30 in. (Fig. 1). 

The 3 (30* X 5) may be represented by three rectangular solids, 
each 30 in. long, 30 in. wide, and 5 inches thick, to be added to three 
adjacent faces of Fig. 1. 

The 3 (30 X 5*) may be represented by three equal rectangular 
solids, 30 in. long, 5 in. wide, and 5 in. thick, to be added to Fig. 2. 

The S 3 may be represented by the small cube required to complete 
the cube of Fig. 3. 




7-3 



W\ 



Fig. 1. Fig. 2. Fig. 8. Fig. 4. 

In extracting the cube root of 42875, the large cube (Fig. 1), whose 
edge is 30 in., is first removed. 

There remain (42875 - 27000) cu. in. - 15875 cu. in. 

The greater part of this is contained in the three rectangular sol- 
ids which were added to Fig. 1, and which are each 30 in. long and 
30 in. wide. 

The thickness of these solids is found by dividing the 15875 cu. in. 
by the sum of the three faces, each of which is 30 in. square ; that is, 
by 2700 sq. in. The result is 5 in. 

There are also the three rectangular solids which are added to 
Fig. 2, and which are 30 in. long and 5 in. wide ; and a cube which 
is added to Fig. 3, and which is 5 in. long and 5 in. wide. 

Hence the sum of the products of two dimensions of all these 
Rolids is 

For the larger rectangular solids, 3 (30 X 30) sq. in. = 2700 sq. in. 

For the smaller rectangular solids, 3 (30 X 5) sq. in. = 450 sq. in. 

For the small cube, (5 x 5) sq. in. = 25 sq. in. 

3175 sq. in. 

This number multiplied by the third dimension gives (5 x 3175) 
cu. in. = 15,875 cu. in. 
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398. In bodies of the same shape, 

Two corresponding lines are in the same ratio as any other 
two. 

The ratio of two corresponding surfaces is the square of 
the ratio of two corresponding lines. 

The ratio of two corresponding volumes is the cube of the 
ratio of two corresponding lines. 

Conversely, 

The ratio of two corresponding lines is the square root of 
the ratio of two corresponding surfaces^ and the cube root 
of the ratio of two corresponding volumes. 

Exercise LXXIX. 

1. If the diameter of the moon be reckoned at 2000 mi., 

and that of the earth at 8000 mi., find the ratio of 
the surface of the moon to that of the earth. Also, 
find the ratio of the volume of the moon to that of 
the earth. 

2. If the diameter of the earth be reckoned at 8000 mi., 

that of Jupiter at 84,000 mi., and that of the sun at 
880,000 mi., find the ratios of their volumes. 

3. If the diameters of two circles be 20 in. and 40 in. re- 

spectively, find the ratio of their circumferences and 
the ratio of their surfaces. 
4 If the areas of two circles be 8000 sq. in. and 36,000 sq. 
in. respectively, find the ratio of their diameters to 
the nearest thousandth of an inch. 

5. If the volumes of two spheres be 100 cu. in. and 1000 

cu. in. respectively, find the ratio of their diameters 
to the nearest thousandth of an inch. 

6. If two stacks of hay of the same shape contain 4 1. 6 cwt. 

and 1 1. 8 cwt. respectively, find the ratio of their 
heights. 
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7. If an ox 7 ft. in girth weigh 1500 lbs., what will be the 

girth of a similar ox weighing 2500 lbs. ? 

8. The surface of a pyramid is 560 sq. in. What is the 

surface of a similar pyramid whose volume is 27 times 
as great ? 

9. The volume of a pyramid is 1331 cu. in. What is the 

volume of a similar pyramid whose surface is 4 times 
as great ? 

10. If a well-proportioned man 5 ft. 10 in. high weigh 160 

lbs., what should a man 6 ft. high weigh, to the near- 
est tenth of a pound? What should be the height, to 
the nearest tenth of an inch, of a man weighing 210 
lbs.? 

11. A three-gallon jug and a one-gallon jug are of the same 

shape. What, to the nearest thousandth, is the ratio 
of their diameters ? 

12. Two hills have exactly the same shape ; one is 900 ft. 

high, the other 1200 ft. Find the ratio of their sur- 
faces, and also the ratio of their volumes. 

13. A ball 3 in. in diameter weighs 4 lbs. ; another ball of 

the same metal weighs 9 lbs. Find the diameter 
of the second ball to the nearest thousandth of an 
inch. 

14. If Apollo's altar were a perfect cube 10 ft. on a side, 

what, to the nearest hundredth of an inch, would be 
the dimensions of a new cubical altar containing 
twice as much stone ? 

15. A man standing 40 ft. from a building 24 ft. wide ob- 

served that, when he closed one eye, the width of the 
building hid from view 90 rods of fence which was 
parallel to the width of the building. Find the dis- 
tance from the eye of the observer to the fence. 

16. A bushel measure and a peck measure are of the same 

shape. Find the ratio of their heights. 



CHAPTER XXII. 
Logarithms. 

399. In the common system of notation the expression 
of numbers is founded on their relation to ten. 

Thus, 3854 indicates that this number contains 10 3 three times, 10 8 
eight times, 10 five times, and four units. 

400. In this system a number is represented by a series 
of different powers of 10, the exponent of each power being 
integral. But, by employing fractional exponents, any num- 
ber may be represented (approximately) as a single power 
of 10. 

401. When numbers are referred in this way to 10, the 
exponents of the powers corresponding to them are called 
their logarithms to the base 10. 

For brevity the word "logarithm" is written log. 

From § 169 it appears that : 

10°= i, io- 1 (= 1 V) =.1, 

10 l = 10, 10- 8 ( =T ^) =.01, 

10 s =100, 10-* (= t^) = .001, 

and so on. Hence, 

log ' 1 = 0, log.l = -1, 

log 10 = 1, log .01. =-2, 

log 100 = 2, log .001 = - 3, 

and so on. 
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It is evident that the logarithms of all numbers between 

1 and 10 will be f a fraction, 

10 and 100 will be 1 + a fraction, 

100 and 1000 will be 2 + a fraction, 

1 and .1 will be — 1 + a fraction, 
.1 and .01 will be — 2 + a fraction, 
.01 and .001 will be — 3 + a fraction, 

402. The fractional part of a logarithm cannot be ex- 
pressed exactly either by common or by decimal fractions ; 
but decimals may be obtained for these fractional parts, 
true to as many places as may be desired. 

If, for instance, the logarithm of 2 be required ; log 2 may be sup- 
posed to be J. 

Then 10* = 2 ; or, by raising both sides to the third power, 10 = 8, 
a result which shows that £ is too large. 

Suppose, then, log 2 = ^. Then lO^ 5 = 2, or by raising both sides 
to the tenth power, 10 3 = 2 10 . That is, 1000 = 1024, a result which 
shows that -^ is too small. 

Since J is too large and ^ too small, log 2 lies between J and -^ ; 
that is, between .33333 and .30000. 

In supposing log 2 to be J, the error of the result is *f ^* = ^ — .2. 
In supposing log 2 to be ^, the error of the result is lsJi fifffl 2 ^ = 
fftfo = — .024 ; log 2, therefore, is nearer to T 3 ^ than to J. 

The difference between the errors is .2 — (— .024) = .224, and the 
difference between the supposed logarithms is .33333 — .3 = .03333. 

The last error, therefore, in the supposed logarithm may be consid- 
ered to be approximately ^j of .03333 = .0035 nearly, and this added 
to .3000 gives .3035, a result a little too large. 

By shorter methods of higher mathematics, the logarithm of 2 is 
known to be 0.3010300, true to the seventh place. 

403. The logarithm of a number consists of two parts, an 
integral part and a fractional part. 

Thus, log 2 = 0.30103, in which the integral part is 0, and the frac- 
tional part is .30103 ; log 20 = 1.30103, in which the integral part is 1, 
and the fractional part is .30103. 
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404. The integral part of a logarithm is called the char- 
acteristic ; and the fractional part is called the mantissa. 

405. The mantissa is always made plies. Hence, in the 
case of numbers less than 1 whose logarithms are minus, 
the logarithm is made to consist of a minics characteristic 
and a, plus mantissa. 

406. When a logarithm consists of a mimis characteristic 
and a plus mantissa, it is usual to write the minus sign over 
the characteristic, or else to add 10 to the characteristic 
and to indicate the subtraction of 10 from the resulting 
logarithm. 

Thus, log .2 = T.30103, and this may be written 9.30103 - 10. 

407. The characteristic of a logarithm of an integral num- 
ber, or of a mixed number, is one less than the number of 
integral digits. 

Thus, from § 401, log 1 = 0, log 10-1, log 100 = 2. Hence, the 
logarithms of all numbers from 1 to 10 (that is, of all numbers con- 
sisting of one integral digit), will have for characteristic ; and the 
logarithms of all numbers from 10 to 100 (that is, of all numbers con- 
sisting of two integral digits), will have 1 for characteristic ; and so 
on, the characteristic increasing by 1 for each increase in the number 
of digits, and therefore always being 1 less than that number. 

408. The characteristic of a logarithm of a decimal frac- 
tion is minus, and is equal to the number of the place occu- 
pied by the first significant figure of the decimal. 

Thus, from % 401, log .1 = - 1, log .01 = -2, log .001 = -3. Hence, 
the logarithms of all numbers from .1 to 1 will have — 1 for a charac- 
teristic (the mantissa being plus) ; the logarithms of all numbers from 
.01 to .1 will have —2 for a characteristic; the logarithms of all num- 
bers from .01 to .001 will have — 3 for a characteristic ; and so on, 
the characteristic always being minus and equal to the number of the 
place occupied by the first significant figure of the decimal. 
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409. The mantissa of a logarithm of any integral num- 
ber or decimal fraction depends only upon the digits of the 
number, and is unchanged so long as the sequence of the 
digits remains the same. 

For, changing the position of the decimal point in a number is 
equivalent to multiplying or dividing the number by a power of 10. 
Its logarithm, therefore, will be increased or diminished by the expo- 
nent of that power of 10 ; and, since this exponent is integral, the 
mantissa of the logarithm will be unaffected. 

Thus, if 27196 - 10 4 - 4345 , 

then 2719.6 = 10 34346 , 

27.196 = 10 1 - 4845 , 
2.7196 = 10 04345 , 
.27196 - l0»««-w 
.0027196 = 10 7 - 4346 - 10 . 

410. The advantage of using the number 10 as the base 
of a system of logarithms consists in the fact that the man- 
tissa depends only on the sequence of digits, and the charac- 
teristic on the position of the decimal point. 

411. As logarithms are simply exponents therefore (§ 148), 
The logarithm of a product is the sum of the logarithms 

of the factors. 

Thus, log 20 =» log (2 X 10) = log 2 + log 10 

= 0.3010 + 1.0000 = 1.3010 ; 
log 2000 - log (2 x 1000) = log 2 + log 1000, 

= 0.3010 + 3.0000 = 3 3010 ; 
log .2 =- log (2 X .1) = log 2 + log .1, 

= 0.3010 + 9.0000-10 = 9.3010 - 10 ; 
log .02 = log (2 x .01) = log 2 + log .01, 

= 0.3010 + 8.0000 - 10 = 8.3010 - 10. 

Exercise LXXX. 

Given : log 2 = 0.3010 ; log 3 = 0.4771 ; log 5 = 0.6990 ; 
log 7 = 0.8451. 

Find the logarithms of the following numbers by resolv- 
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ing the numbers into factors, and taking the sum of the 
logarithms of the factors : 

1. log 6. 9. log 25. 17. log .021. 25. log 2.1. 

2. log 15. 10. log 30. 18. log .35. 26. log 16. 

3. log 21. 11. log 42. 19. log .0035. 27. log .056. 

4. log 14. 12. log 420. 20. log .004. 28. log .63. 

5. log 35. 13. log 12. 21. log .05. 29. log 1.75. 

6. log 9. 14. log 60. 22. log 12.5. 30. log 105. 

7. log 8. 15. log 75. 23. log 1.25. 31. log .0105. 

8. log 49. 16. log 7.5. 24. log 37.5. 32. log 1.05. 

412. As logarithms are simply exponents, therefore 
(§•381), ' 

The logarithm of a power of a number is equal to the 

logarithm of the number multiplied by the exponent of the 

power. 

Thus, log5 7 = 7 X log 5= 7x0.6990 = 4.8930. 

log 3" = 11 x log 3 - 11 x 0.4771 - 5.2481. 

413. As logarithms are simply exponents, therefore 
(§ 381), 

The logarithm of a root of a number is equal to the loga- 
rithm of the number multiplied by the index of the root 

Thus, log 2* = J of log 2 = i x 0.301O = 0.0753. 

log .002* = i of (7.3010 - 10). 

The expression i of (7.3010 - 10) 

may be put in the form of J of (27.3010 - 30) which = 9.1003 - 10 ; 
for, since 20 - 20 = 0, the addition of 20 to the 7, and of - 20 to the 
— 10, produces no change in the value of the logarithm 

414. In simplifying the logarithm of a root the equal plus 
and minus numbers to be added to the logarithm must be such 
that the resulting minus number, when divided by the denom- 
inator of the index of the root, shall give a quotient of — 10. 
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Exercise LXXXI. 

Given : log 2 = 0.3010 ; log 3 = 0.4771 ; log 5 = 0.6990 ; 
log 7 = 0.8451. 

Find logarithms of the following : 



L 2 s . 


a 5 5 . 


11. 5*. 


ia 7*. 


21. 5i 


2. 5*. 


7. 2*. 


12. 7A\ 


17. 5i 


22. 2V. 


a 7 4 . 


a 5*. 


13. 2*. 


ia 3tt. 


2a 5* 


4. 3 8 . 


9. 3*. 


14. 5*. 


19. 7*. 


24. TV-. 


5. 7 s . 


io. 7*. 


15. 3*. 


20. 3*. 


25. 21*. 



415i Since logarithms are simply exponents, therefore 
(by §169), 

The logarithm of a quotient is the logarithm of the divi- 
dend minus the logarithm of the divisor. 

Thus, log f = log 3 - log 2 = 0.4771 - 0.3010 = 0.1761. 
log } = log 2 - log 3 = 0.3010 - 0.4771 = - 0.1761. 

To avoid the minus logarithm — 0.1761, we subtract the entire log- 
arithm 0.1761 from 10, and then indicate the subtraction of 10 from 
the result. 

Thus, - 0.1761 = 9.8239 - 10. 

Hence, log } = 9.8239 - 10. 

416. The remainder obtained by subtracting the loga- 
rithm of a number from 10 is called the cologarithm of the 
number, or arithmetical complement of the logarithm of the 
number. 

Cologarithm is usually denoted by colog, and is most 
easily found by beginning with the characteristic of the loga- 
rithm and subtracting each figure from 9 down to the last 
significant figure, and subtracting that figure from 10. 

Thus, log 7 = 0.8451 ; and colog 7 = 9.1549. Colog 7 is readily 
found by subtracting, mentally, from 9, 8 from 9, 4 from 9, 5 from 
9, 1 from 10, and writing the resulting figure at each step. 
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417. Since colog 7= 9.1549, 

and log f = log 1 - log 7 = - 0.8451 = 9.1549 - 10, 
it is evident that, 

If 10 be subtracted from the cohgarithm of a number, the 
result is the logarithm of the reciprocal of that number. 

418. Since log £ = log 7 - log 5, 

= 0.8451 - 0.6990 = 0.1461, 
and log 7 + colog 5 - 10 = 0.8451 + 9.3010 - 10, ■ 

= 0.1461, 
it is evident that, 

The addition of a oologarithm — 10 is equivalent to the 
subtraction of a logarithm. 

The steps that lead to this result are : 

therefore, 
But 
Hence, 

Therefore, 

419. The logarithm of a quotient may be found by add- 
ing together the logarithm of the dividend and the cohga- 
rithm of the divisor, and subtracting 10 from the result 

In finding a cologarithm when the characteristic of the logarithm 
is a minus number, it must be observed that the subtraction of a 
minus number is equivalent to the addition of an equal plus number. 

Thus, log — - log 5 + colog .002 - 10, 

.002 

= 0.6990 + 12.6990 - 10, 
= 3.3980. 
Here log .002 = 3.3010, and in subtracting — 3 from 9 the result is 

the same as adding + 3 to 9. 

o 
Again, log -~ = log 2 + colog .07 - 10, 

= 0.3010 + 11.1549-10, 
- 1.4559. 



* = 7xi 




log i = log (7 X i) = log 7 + log \. 


1410. 


log \ = colog 5 — 10. 


1416. 


log \ = log 7 + colog 5 — 10. 
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Also, log ^ = 8.8451 - 10 + 9.0970 - 10, 

= 17.9421 - 20, 

= 7.9421 - 10. 
Here, log 2* - 3 log 2 = 3 x 0.3010 = 0.9030. 

Hence, colog 2 s = 10 - 0.9030 = 9.0970. 



Exercise LXXXII. 

Given : log 2 = 0.3010 ; log 3 = 0.4771 ; log 5 = 0.6990 ; 
log 7 = 0.8451. 

Find logarithms for the following quotients : 

19. 



20. 



21. 



22. 



23. 



24. 



1. 


2 

• 

5 


7. 


5 
3 


13. 


.05 
3' 


2. 


2 

7' 


8. 


5 
2 


14. 


.005 
2 


3. 


3 
5' 


9. 


7 
3" 


15. 


.07 

5 ' 


4. 


3 

7' 


10. 


7 
2 


16. 


5 
.07* 


5. 


5 
7" 


11. 


3 
2 


17. 


3 
.007 


6. 


7 
5' 


12. 


7 
.5' 


18. 


.003 
7 



.05 


26. 


.02* 


* 


— — — m 


.003 




3 s 


.007 


26. 


3 s 


.02 




.02 s 


.02 


27. 


7 s 


.007 




.02* 


.005 


28. 


.07* 


.07 




.003* 


.03 


29. 


.005* 


7 




7* 


.0007 


30. 


7* 



.2 .005* 



420. A table of four-place logarithms is here given, which 
contains logarithms of all numbers under 1000, the decimal 
point and characteristic being omitted. The logarithms of 
single digits 1, 8, etc., will be found at 10, 80, etc. 

Tables containing logarithms of more places can be pro- 
cured, but this table will serve for many practical uses, and 
will enable the student to use tables of six-place, seven- 
place, and ten-place logarithms, in work that requires 
greater accuracy. 
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421. In working with a four-place table, the numbers 
corresponding to the logarithms, that is, the antilogarithms, 
as they are called, may be carried to four significant digits. 

To Find the Logarithm op a Number in this Table. 

422. Suppose it is required to find the logarithm of 65.7. 
In the column headed "N" look for the first two significant 
figures, and at the top of the table for the third significant 
figure. In the line with 65, and in the column headed 7, 
is seen 8176. To this number prefix the characteristic and 
insert the decimal point. Thus, 

log 65.7 = 1.8176. 

Suppose it is required to find the logarithm of 20347. 
In the line with 20, and in the column headed 3, is seen 
3075 ; also in the line with 20, and in the 4 column, is seen 
3096, and the difference between these two is 21. The dif- 
ference between 20300 and 20400 is 100, and the difference 
between 20300 and 20347 is 47. Hence, -^ of 21 = 10, 
nearly, must be added to 3075. That is, 

log 20347 = 4.3085. 

Suppose it is required to find the logarithm of .0005076. 
In the line with 50, and in the 7 column, is seen 7050 ; in 
the 8 column, 7059 : the difference is 9. The difference be- 
tween 5070 and 5080 is 10, and the difference between 5070 
and 5076 is 6. Hence, & of 9 = 5 must be added to 7050. 
That is, log 0005076 = 6 7055 __ 1Q 

To Find a Number when its Logarithm is Given. 

423. Suppose it is required to find the number of which 
the logarithm is 1.9736. 

took for 9736 in the table. In the column headed " N," 
and in the line with 9736, is seen 94, and at the head of 
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N 





1 


2 


3 


4 


5 


6 


7 


8 | 9 


10 

11 

12 
13 
14 


0000 
0414 
0792 
1139 
1461 


0043 
0453 
0828 
1173 
1492 


0086 
0492 
0864 
1206 
1523 


0128 
0531 
0899 
1239 
1553 


0170 
0569 
0934 
1271 
1684 


0212 
0607 
0969 
1303 
1614 


0253 
0645 
1004 
1335 
1644 


0294 
0682 
1038 
1367 
1673 


0334 
0719 
1072 
1399 
1703 


0374 
0755 
1106 
1430 
1732 


15 

16 
17 
18 
19 


1761 
2041 
2304 
2553 

2788 


1790 

2068 
2330 
2577 
2810 


1818 
2095 
2355 
2601 

2833 


1847 
2122 
2380 
2625 
2856 


1875 
2148 
2405 
2648 

2878 


1903 
2175 
2430 
2672 
2900 


1931 
2201 
2455 
2695 
2923 


1959 
2227 
2480 
2718 
2945' 


1987 
2253 
2504 
2742 
2967 


2014 
2279 
2529 
2765 
2989 


20 

21 
22 
23 
24 


3010 
3222 
3424 
3617 
3802 


3032 
3243 
3444 
3636 
3820 


3054 
3263 
3464 
3655 
3838 


3075 
3284 
3483 
3674 
3856 


3096 
3304 
3502 
3692 
3874 


3118 
3324 
3522 
3711 
3892 


3139 
3345 
3541 
3729 
3909 


8160 
3365 
3560 
3747 
3927 


3181 
3385 
3579 
3766 
3945 


3201 
3404 
3598 
3784 
3962 


25 

26 
27 
28 
29 


3979 
4150 
4314 
4472 
4624 


3997 
4166 
4330 
4487 
4639 


4014 
4183 
4346 
4502 
4654 


4031 
4200 
4362 
4518 
4669 


4048 
4216 
4378 
4533 
4683 


4065 
4232 
4393 
4548 
4698 


4082 
4249 
4409 
4564 
4713 


4099 
4265 
4425 
4579 
4728 


4116 
4281 
4440 
4594 
4742 


4133 
4298 
4456 
4609 
4757 


30 

31 
32 
33 
34 


4771 
4914 
5051 
5185 
5315 


4786 
4928 
5065 
5198 
5328 


4800 
4942 
5079 
5211 
5340 


4814 
4955 
5092 
5224 
5353 


4829 
4969 
5105 
5237 
5366 


4843 
4983 
5119 
5250 
5378 


4857 
4997 
5132 
5263 
5391 


4871 
5011 
5145 
5276 
5403 


4886 
5024 
5159 
5289 
5416 


4900 
5038 
5172 
5302 
5428 


35 

86 
37 
38 
89 


5441 
5563 

5682 
5798 
5911 


5453 
5575 
5694 
5809 
5922 


5465 
5587 
5705 
5821 
5933 


5478 
5599 
5717 
5832 
5944 


5490 
5611 
5729 
5843 
5955 


5502 
5623 
5740 
5855 
5966 


5514 
5635 
6752 
5866 
5977 


5527 
5647 
5763 

5877 
5988 


5539 
5658 
5775 
5888 
5999 


5551 
5670 
5786 
5899 
6010 


40 

41 
42 
43 
44 

45 

46 
47 
48 
49 


6021 
6128 
6232 
6335 
6435 


6031 
6138 
6243 
6345 
6444 


6042 
6149 
6253 
6355 
6454 


6053 
6160 
6263 
6365 
6464 


6064 
6170 
6274 
6375 
6474 


6075 
6180 
6284 
6385 
6484 


6085 
6191 
6294 
6395 
6493 


6096 
6201 
6304 
6405 
6503 


6107 
6212 
6314 
6415 
6513 


6117 
6222 
6325 
6425 
6522 


6532 
6628 
6721 
6812 
6902 


6542 
6637 
6730 
6821 
6911 


6551 
6646 
6739 
6830 
6920 


6561 
6656 
6749 
6839 
6928 


6571 
6665 
6758 
6848 
6937 


6580 
6675 
6767 
6857 
6946 


6590 
6684 
6776 
6866 
6955 


6599 
6693 
6785 
6875 
6964 


6609 
6702 
6794 
6884 
6972 


6618 
6712 
6803 
6893 
6981 


50 

51 
52 
63 
64 


6990 
7076 
7160 
7243 
7324 


6998 
7084 
7168 
7251 
7332 


7007 
7093 
7177 
7259 
7340 


7016 
7101 
7185 
7267 
7348 


7024 
7110 
7193 
7275 
7356 


7033 
7118 
7202 
7284 
7364 


7042 
7126 
7210 
7292 
7372 


7050 
7135 
7218 
7300 
7380 


7059 
7143 
7226 
7308 
7388 


7067 
7152 
7235 
7316 
7396 
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N 





1 


2 


3 


4 


5 


6 


7 


8 


9 


55 

66 
67 
68 

69 


7404 
7482 
7559 
7634 

7709 


7412 
7490 
7566 
7642 
7716 


7419 
7497 
7574 
7649 
7723 


7427 
7505 
7582 
7657 
7731 


7435 
7513 
7589 
7664 
7738 


7443 
7520 
7597 
7672 
7745 


7451 
7528 
7604 
7679 
7752 


7459 
7536 
7612 
7686 
7760 


7466 
7543 
7619 
7694 
7767 


7474 
7551 
7627 
7701 
7774 


60 

61 
62 

64 


7782 
7853 
7924 
7993 
8062 


7789 
7860 
7931 
8000 
8069 


7796 
7868 
7938 
8007 
8075 


7803 
7875 
7945 
8014 
8082 


7810 
7882 
7952 
8021 
8089 


7818 
7889 
7959 
8028 
8096 


7825 
7896 
7966 
8035 
8102 


7832 
7903 
7973 
8041 
8109 


7839 
7910 
7980 
8048 
8116 


7846 
7917 
7987 
8055 
8122 


65 

66 
67 
68 
69 


8129 
8195 
8261 
8325 
8388 


8136 
8202 
8267 
8331 
8395 


8142 
8209 
8274 
8338 
8401 


8149 
8215 
8280 
8344 
8407 


8156 
8222 
8287 
8351 
8414 


8162 
8228 
8293 
8357 
8420 


8169 
8235 
8299 
8363 
8426 


8176 
8241 
8306 
8370 
8432 


8182 
8248 
8312 
8376 
8439 


8189 
8254 
8319 
8382 
8445 


70 

71 
72 
73 
74 


8451 
8513 
8573 
8633 
8692 


8457 
8519 
8579 
8639 
8698 


8463 
8525 
8585 
8645 
8704 


8470 
8531 
8591 
8651 
8710 


8476 
8537 
8597 
8657 
8716 


8482 
8543 
8603 
8663 
8722 


8488 
8549 
8609 
8669 
8727 


8494 
8555 
8615 
8675 
8733 


8500 
8561 
8621 
8681 
8739 


8506 
8567 
8627 
8686 
8745 


75 

78 
77 
78 
79 


8751 
8808 
8865 
8921 
8976 


8756 
8814 
8871 
8927 
8982 


8762 
8820 
8876 
8932 
8987 


8768 
8825 
8882 
8938 
8993 


8774 
8831 
8887 
8943 
8998 


8779 
8837 
8893 
8949 
9004 


8785 
8842 
8899 
8954 
9009 


8791 
8848 
8904 
8960 
9015 


8797 
8854 
8910 
8965 
9020 


8802 
8859 
8915 
8971 
9025 


80 

81 
82 
83 
84 


9031 
9085 
9138 
9191 
9243 


9036 
9090 
9143 
9196 
9248 


9042 
9096 
9149 
9201 
9253 


9047 
9101 
9154 
9206 
9258 


9053 
9106 
9159 
9212 
9263 


9058 
9112 
9165 
9217 
9269 


9063 
9117 
9170 
9222 
9274 


9069 
9122 
9175 
9227 
9279 


9074 
9128 
9180 
9232 
9284 


9079 
9133 
9186 
9238 
9289 


85 

86 
87 
88 
89 


9294 
9345 
9395 
9445 
9494 


9299 
9350 
9400 
9450 
9499 


9304 
9355 
9405 
9455 
9504 


9309 
9360 
9410 
9460 
9509 


9315 
9365 
9415 
9465 
9513 


9320 
9370 
9420 
9469 
9518 


9325 
9375 
9425 
9474 
9523 


9330 
9380 
9430 
9479 
9528 


9335 
9385 
9435 
9484 
9533 


9340 
9390 
9440 
9489 
9538 


90 

91 
92 
93 
94 


9542 
9590 
9638 
9685 
9731 


9547 
9595 
9643 
9689 
9736 


9552 
9600 
9647 
9694 
9741 


9557 
9605 
9652 
9699 
9745 


9562 
9609 
9657 
9703 
9750 


9566 
9614 
9661 
9708 
9754 


9571 
9619 
9666 
9713 
9759 


9576 
9624 
9671 
9717 
9763 


9581 
9628 
9675 
9722 
9768 


9586 
9633 
9680 
9727 
9773 


95 

96 
97 
98 
99 


9777 
9823 
9868 
9912 
9956 


9782 
9827 
9872 
9917 
9961 


9786 
9832 
9877 
9921 
9965 


9791 
9836 
9881 
9926 
9969 


9795 
9841 
9886 
9930 
9974 


9800 
9845 
9890 
9934 
9978 


9805 
9850 
9894 
9939 
9983 


9809 
9854 
9899 
9943 
9987 


9814 
9859 
9903 
9948 
9991 


9818 
9863 
9908 
9952 
9996 
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the column in which 9736 stands is seen 1. Therefore, 
write 941, and insert the decimal point as the characteristic 
directs. That is, the number required is 94.1. 

Suppose it is required to find the number of which the 
logarithm is 3.7936. 

Look for 7936 in the table. It cannot be found, but the 
two adjacent mantissas between which it lies are seen to be 
7931 and 7938 ; their difference is 7, and the difference be- 
tween 7931 and 7936 is 5. Therefore, -f of the difference 
between the numbers corresponding to the mantissas, 7931 
and 7938, must be added to the number corresponding to 
the mantissa 7931. 

The number corresponding to the mantissa 7938 is 6220. 
The number corresponding to the mantissa 7931 is 6210. 
The difference between these numbers is 10, 
and 6210 + f of 10 = 6217. 

Therefore, the number required is 6217. 

Suppose it is required to find the number of which the 
logarithm is 7.3882 - 10. 

Look for 3882 in the table. It cannot be found, but the 
two adjacent mantissas between which it lies are seen to be 
3874 and 3892 ; their difference is 18, and the difference 
between 3874 and 3882 is 8. Therefore, ■& of the differ- 
ence between the numbers corresponding to the mantissas, 
3874 and 3892, must be added to the number corresponding 
to the mantissa 3874. 

The number corresponding to the mantissa 3892 is 2450. 
The number corresponding to the mantissa 3874 is 2440. 
The difference between these numbers is 10, 
and 2440 + $ of 10 = 2444. 

Therefore, the number required is .002444. 
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Exercise LXXXIII. 
Find logarithms of the following numbers : 



L 70. 


6. 6897. 


11. 77860. 


16. 5.0009. 


2. 101. 


7. 9901. 


12. 30127. 


17. 0.3769. 


3. 333. 


a 4389. 


13. 730.84. 


18. 0.070707. 


4. 3491. 


9. 1111. 


14. 0.008765. 


19. 0.03723. 


6. 1866. 


ia 58343. 


15. 8.0808. 


20. 98.871. 


Find antilogarithms 


to the following logarithms : 


21. 3.9017. 


26. 


2.9850. 29. 


8.7324 - 10. 


22. 1.2076. 


26. 


4.5388. 30. 


9.5555 - 10. 


23. 0.4442. 


27. 


0.8550. 31. 


6.0216 - 10. 


24. 1.0090. 


2a 


9.9992 - 10. 32. 


7.0080 - 10 



Ex. Find the product of 908.4 X .05392 X 2.117. 

log 908.4 =2.9583 
log .05392 = 8.7318 - 10 
log 2.117 = 0.3257 

2.0158 = log 103.7. Am. 

Find by logarithms the following products : 

33. 9*48.22x0.4387. 40. 270.05x0.0087. 

34. 1.9704x0.0786. 41. 11.163x0.3333. 

35. 380.25x0.00673. 42. 777.78x0.0787. 

36. 216.21x0.76312. 4a 2.6537x0.2313. 

37. .56127x1.2312. 44. 37.587x12.371. 
3a .86311x56.371. 45. 89.313x2.3781. 
39. 59.795x0.7955. 4a 9.1765x0.089. 
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Ex. Find the quotient of — — — — — : — 

H 7309 

log 8.371 =0.9227 

log 834.64 = 2.9215 

colog 7309 = 6.1362-10 

9.9804 - 10 - log .9558. An*. 

Find the quotients of : 

_ 56.407 75.46 x 0.0765 

* 93.08x98.071* 

98 x 537 x 0.0079 
67309x0.0947 ' 

314 x 7.18 x 8132 
519 x 827 x 3.215* 

212 X 2.16 X 8002 



T«l« 


13.045 


48. 


857.06 


3079.8 


49. 


.9387 


598.6 


Kft 


3069 



52. 



53. 



54. 

™ .7891 536x351x7.256 

Ex. Find \he cube of 0.0497. 

log .0497 = 8.6964 -10 

3 
6.0892 - 10 = log .0001228. Ans. 
Find by logarithms : 

55. 5.06 8 . 59. 0.7685 8 . 63. m)\ 67. (5^) 2 . 

56. 2.501 5 . 60. 0.9611 8 . 64. (||) 8 . 6a (4^) 8 . 

57. 1.716 7 . 61. 0.0231 2 . 65. (Iff. 69. (2f$) 5 . 
5a 1.178 10 . 62. 0.8567 8 . 66. (*£) 8 . 70. (fff) 8 . 

Ex. Find the fourth root of 0.00862. 

log 0.00862 = 7.9355 - 10 

30 -30 

4 ) 37.9355 - 40 

9.4839 - 10 = log .3047. Ans. 
Find by logarithms : 

71. 13*. 73. 879*. 75. 93.73*. 77. 7.935*. 

72. 29*. 74. .609*. 7a 21.97*. 7a 0.815*. 
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mm 



(1) Find the weight of a leaden brick 113 mm long, 76 1 

wide, and SS™" thick, of specific gravity 11.36. 

log 113 = 2.0531 
log 76 = 1.8808 
log 38 = 1.5798 
log 11.36 = 1.0554 

6.5691 = log 3,707,500. 
That is, 3.7075k*. Am. 

(2) What is the capacity of a bin 315°* long, 93.5 cra wide, 

and 47.8 cm deep ? 

log 315 = 2.4983 
log 93.5 = 1.9708 
log 47.8 = 1.6794 

6.1485 = log 1,408,000. 
That is, 14081 Am. 

(3) How many bushels will it take to fill a globe 43.8 in. 

in diameter? 

log 43.8 3 = 4.9245 

log 0.5236 = 9.7190 - 10 
colog 2150.42 = 6.6675 - 10 

1.3110 -log 20.47. 
That is, 20.47 bu. Am. 

(4) Find the weight of a sphere of solid tin 6.35 cm in diam- 

eter, of specific gravity 7.29. 

log 6.35 3 = 2.4084 
log 0.5236 = 9.7190 - 10 
log 7.29 = 0.8627 

2.9901 = log 977.5. 
That is, 977.5*. Am. 

79. What weight of sulphuric acid, specific gravity 1.841, 

will fill a silver sphere 138 m,n in diameter ? 

80. What is the area of a circle 13.75 in. in diameter ? 
8L Find the depth of a cubical bin that holds 75 bu. 

82. Find the diameter of a 24-lb. shot, specific gravity 7.6. 



CHAPTER XXIII. 

APPROXIMATIONS. 

424. What number exceeds its square root by 3 ? 

Make two suppositions, 5 and 6. 

By logarithms, 5 - V5 = 2.764, an error of -.236 ; and 6 - y/6 = 
3.561, an error of +.551. 

The difference of the assumed numbers is 1, and the difference of 
the resulting errors is .787. 

The errors of results are approximately in proportion to the errors 
of the assumed numbers. 

Therefore, in assuming 5, the error is to 1 as .236 is to .787 ; and 
in assuming 6 the error is to 1 as .551 is to .787. 

Hence, 5 is nearly .3 too small, and 6 is nearly .7 too large. 

Therefore, assume 5.3 and 5.4. 

By logarithms, 5.3 - V5^3 = 2.998, an error of -.002; and 5.4- 
Vo\4 - 3.077, an error of +.077. 

The difference of the assumed numbers is .1, and the difference of 
the errors is .079. 

Therefore, the error of 5.3 is to .1 as .002 is to .079 ; or, error of 
5.3:1 = 2:79. 

From this proportion the error is found to be .0025. 

5.3 + .0025 = 5.3025, and this result is the nearest approximation 
attainable by four-place logarithms. 

425. Hence, in solving questions of this kind, 

Assume two answers, test each, and note the errors of the 
results. 

Calculate the error of either supposition by assuming that 
it is in the same ratio to the difference of the two suppositions 
as the error of its result is to the diffwence of the two results. 



APPROXIMATIONS. 303 



Exercise LXXXIV. 

1. What number is 3 less than its square ? 

Assume 2.3 and 2.4. 

2. A flag-staff 50 ft. high broke, and the top falling over 

rested one end on the stump and the other 17 ft. from 
its base. How high was the stump ? 
Assume 22 ft. and 23 ft. 

3. What number added to eight times its reciprocal is 

equal to 8 ? 

Two answers are required : one between 1 and 2, the other 
between 6 and 7. 

4. Find a number whose reciprocal is equal to 4 minus the 

number. 

Two answers are required : one between and 1, the other 
between 3 and 4. 

5. What number is ten times its own logarithm ? 

6. What number is double its own cube-root ? 

7. What number exceeds its cube root by 61 ? 

8. What is the number which added to its own square 

makes 11? 

9. What is the number which multiplied by 10 makes 8 

more than the square of the number ? 

10. A certain number is equal to the sum of i its own cube 

plus i its own square. What is the number ? 

11. What number is equal to its square minus three times 

its logarithm ? 
Assume 1.1 and 1.2. 

12. The sum of the square, and the square root of a num- 

ber, being divided by 1 plus the number gives a 
quotient of 2 J. What is the number? 
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Continued Fractions. 

426. As in decimal fractions a result accurate to a given 
number of places is often required, so in common fractions 
it is often required to find the most accurate value of a ratio 
that can be given with denominators limited to a certain 
size. 

Ex. Find the most accurate ratios of a circumference to a 
diameter expressed by a fraction with a denomina- 
tor under 10 ; with a denominator under 100 ; with 
a denominator under 1000. 

The ratio 3.1416 is true to the nearest ten-thousandth ; and, 
therefore, it is required to find values of -j^V&V within the pre- 
scribed limits. 

The first step is to reduce the fraction fWiftr to its lowest 
terms. 

Then, divide the denominator by the numerator ; the last 
divisor by the last remainder ; and so on, as in finding the great- 
est common measure. 

177)1260(7 
1239 
11)177(16 
176 

"1)11(11 
11 

If, therefore, both terms of the fraction tffo be divided by the 
numerator, the result is 

1 

and if the fraction in the denominator be omitted, the required 
ratio, with a denominator less than 10, is 3| = ty. 
But, if the fraction -^ be put in the form of 

1 
16^ 
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and the fraction in the denominator be omitted, the ratio becomes 

a result which shows that *f- is the nearest ratio expressed by a 
fraction with a denominator under 100, and that \\\ is the near- 
est ratio expressed by a fraction with a denominator under 1000. 

427. After the quotients have been found, the results 
may be written as follows : 

3 + -^ 

7 + — ! 



16+ n 



428. The successive approximate values of a continued 
fraction are found by beginning at the top and taking first 
one, then two, then three, and so on, of its parts. Thus : 

The first approximate value is 3. 

The second is 3 + \ = y . 

The third is 3 +-J— - = 3 + jft-ftt. 

The fourth is 3 + ^__ 



7 + 



16+ n 



and this = 3 + -i- = 3 + T y& = fftl or 3.1416. 

'T7T 



429. In reducing the part of a continued fraction selected 
for an approximate value, begin with the last fraction. 

Ex. Find the value of the continued fraction 

1 

2 + -^ 



3 + 



*H 



4i~ A; 3*" tt! ~m m ' 
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Exercise LXXXV. 

1. Convert ^, 1$, -j^, Zffi into continued fractions. 

2. Find the approximate values of |-J- ; ^ ; £|£. 

3. Find common fractions approximating to .236 ; .2361 ; 

1.609. 

4. Find common fractions approximating to .382; 1.732; 

.6253. 

5. Find approximate values of \l\ ; ^J- ; -J-J-J- ; ftt- 

6. Find the proper fraction that, when reduced to a contin- 

ued fraction, will have 2, 3, 5, 6, 7 as quotients. 

7. Find a series of fractions approximating to the ratio of 

the pound troy (5760 grs.) to the pound avoirdupois 
(7000 grs.). 

8. Find a series of fractions approximating to the ratio of 

the side of a square to its diagonal ; that ratio being 
1 : 1.414214 nearly. 

9. Find a series of fractions approximating to the ratio of 

the ar to the square chain, from the equality 
1 ar = .2471 of a square chain. 

10. Find a series of fractions approximating to the ratio of 

the 48-pound shot to the weight of the French shot 
of 24** 

11. If the mean diameter of the Earth is reckoned at 7912 

mi., and that of Mars 4189 mi., find a series of frac- 
tions approximating to the ratio of the mean diameters 
of these two planets. 

12. Find a series of fractions approximating to the ratio of 

a cubic yard to a cubic meter from the equality 
1 cu. yd. = .76453 of a cubic meter. 

13. Find a series of fractions approximating to the ratio of 

the kilometer to the mile, from the equality 

l m = 1.09362 yds. 



CHAPTER XXIV. 

PROGRESSIONS. 
Arithmetical Progression. 

430. A series of numbers that increase or decrease by a 
common difference is called an Arithmetical Progression. 

Thus, the numbers 5, 8, 11, 14 are an arithmetical progression, 
since they increase by a common difference, 3 ; and the numbers 12, 
10, 8, 6 are an arithmetical progression, since they decrease by a 
common difference, 2. 

The several numbers of a series are called its terms. 

431. In the series 2, 5, 8, 11, 14, 17, 20 it is obvious 
that the second term, 5, is 2 +(3 X 1); the third term, 8, is 
2+ (3x2); the fourth term, 11, is 2 + (3x3); the fifth 
term, 14, is 2 + (3 X 4) ; and so on. Hence, 

Any term may be found by multiplying the common dif- 
ference by 1 less than the number of the term, and adding 
the product to the first term. 

Thus, the twelfth term of the series 2, 5, 8 will be 2 + (3 x 11) 

= 35. 

In like manner, any term of a decreasing series' will be 
found by subtracting this multiple of the difference from the 
first term. 

Thus, the eleventh term of the series 50, 46, 42 will be 50 — 

(10 X 4) = 10. 
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p. , Exercise LXXXVI. 

L The seventh term of the series 3, 5, 7 

2. The fifteenth term of the series 2, 7, 12 

3. The sixth term of the series 2, 2£, 3$ 

4. The twentieth term of the series 2, 3 J, 4£ 

5. The seventh term of the series 21, 19, 17 

6. The twelfth term of the series 18, 17 J, 16-| 

7. When the first term of a series is 5, and the common 

difference 2J, find the thirteenth and eighteenth 
terms. 

Ex. When the fourth term of a series is 14, and the twelfth 
term 38, find the common difference. 

The difference between the fourth and twelfth terms will evi- 
dently be eight times the common difference. Hence, the 
common difference will be ^f- 14 = 3. 

Find the common difference in a series : 

8. Whose fourth term is 12 and seventh term 27. 

9. Whose first term is 20 and fourth term 40. 

10. Whose first term is 2 and eleventh term 20. 

11. Whose third term is 7 and eighth term 12}. 

12. Whose first term is 1 and fourth term 19. 

432. The sum of seven terms of the series 3, 5, 7 will 

be 3+ 5+ 7+ 9+11+13+15, or written in 

reverse order, 15+13+11+ 9+7+5+3 Therefore, 

twice the sum == 18+18+18+18+18+18+18 = 18 X 7. 

Hence, the sum = — - — 

2 

433. It will be seen that 18 is the sum of 3 and 15; that 
is, the sum of the first and last terms ; and that 7 is the 
number of terms. Hence, 
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< 
The sum of an arithmetical series may be found by mul- 
tiplying one-half the sum of the first and last terms by the 
number of terms. 

Thus, the sum of eight terms of the series whose first term is 3, and 

last term 38, is 

8x /3+J8\ = 164 

Exercise LXXXVII. 

Find the Bum of: 

1. 1 + 5 + 9+ to twenty* terms. 

2. 4 + 5 i + 7 + to eight terms. 

3. 8 + 7 J + 7i + to sixteen terms. 

4. 20 + 18i + 16 i + to seven terms. 

5. The first twenty natural numbers. 

6. The natural numbers from 37 to 53 inclusive. 

7. A series of thirty terms, of which the first is 21 and 

the last 59. 

8. The series whose first two terms are 3 and 9 and last 75. 

9. A series of twenty terms whose third and fifth terms are 

10 and 15. 

10. A stone, when dropped from a height, falls through 

16.1 ft. in the first second, 48.3 in the next, 80.5 in 
the third, and so on, in arithmetical progression. 
How far will it fall in the seventh second ? and how 
far in 7 sec. ? 

11. A, who travels 8 mi. the first day, 11 the second, 14 the 

third, and so on, overtakes in 17 dys. B, who started 
at the same time, and travelled uniformly. What is 
B's rate per day ? 

12. One hundred stones lie in a straight line, 1 yd. apart. 

A boy starts at the first stone, brings each of the 
others in separately, and piles them with the first 
stone. How far does he travel ? 
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434. If a represent the first term, d the common differ- 
ence, I the last term, n the number of terms, and s the sum 
of the terms, when any three of the five quantities are given, 
the other two may be found by means of the following ex- 
pressions, called formulas : 

I. l = a + (n — Y)Xd. 
II. « = |x(a + J). 

Ex. If the common difference is J, the first term 13, and 
the last term 41, how many terms are there ? 

Here d, a, and I are given, and n is required. 
If for d, I, and a in the first formula, J, 41, and 13, respec- 
tively, be substituted, the result is 41 = 13 + (n — 1) x J. 
By subtracting 13 from each side, 28 =(n— 1) x £. 
By multiplying by 2, 56 = n— 1. 

Therefore, n = 57. 



Geometrical Pbogbession. 

435. A series in which each term is obtained from the 
preceding term by multiplying it by a constant multiplier 
is called a Geometrical Progression. 

Thus, the numbers 3, 6, 12, 24 are a geometrical progression, 

since each term is twice the preceding term ; and the numbers 9, 3, 

1, i are a geometrical progression, since each term is one-third of 

the preceding term. 

The constant multiplier is called the ratio of the pro- 
gression. 

436. In the series 3, 6, 12, 24, 48, 96, it is obvious 

that the second term, 6, is 3 X 2 ; the third term, 12, is 
3 X 2 2 ; the fourth term, 24, is 3 X 2 s ; the fifth term, 48, 
is 3 X 2* ; and so on. Hence, 
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Any term of a geometrical series may be fownd by multi- 
plying the first term by that power of the ratio that is 1 less 
than the number of the term. 

Thus, the eighth term of the series 3, 6, 12 will be 

3 x % = 3 X 128 = 384. 

Also, the fifth term of the series 4, 3, 2\ will be 

4x(J)* = 4x#* = tt. 

437. When any two consecutive terms of a series are 
given, the ratio is found by dividing the second term by 
the first. 

When two terms which are not consecutive are given, the 
ratio may be found as in the following example : 

Ex. Find the ratio in a series whose second and sixth terms 

are 5 and 80. 

The sixth term =- second term x (ratio) 4 . 

Therefore, (ratio) 4 = *£ = 16. 

.-. ratio = vT6 = 2. 

Find • Exercise LXXXVIII. 

1. The eighth term of the series 2, 6, 18 

2. The fifth term of the series 8, 4, 2 

3. The seventh term of the series 2, 3, 4 J 

4. The sixth term of the series 4, 2$, 1-J- 

5. The eighth term of the series 4, 10, 25 

6. Write the first three terms of the series whose fifth and 

sixth terms are 112 and 224, respectively. 

7. The seventh and ninth terms of a series are 100 and 

144, respectively. Find the twelfth term. 

8. A capital of $ 1000 is increased by ^ of itself each year. 

What will it be at the beginning of the fifth year ? 

9. A capital of $ 1000 is increased by yfo- of itself each year. 

What will it be at the beginning of the sixth year? 
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438. If the sum of the series 3, 3x2, 3x2 : , 3x2 s , 3x2* 
be represented by s, then 

8 = 3 + 3 X 2 + 3 x 2 2 + 3 x 2 s + 3 X 2 4 . 

And, if both sides be multiplied by the ratio 2, the result 
is 

2 s = 3 X 2 + 3 x 2 2 + 3 x 2 s -f 3 X 2* + 3 X 2 B . 

If the subtraction of the first equation from the second be 

indicated, then 

2*-s=-3x2 5 -3, 

and this may be put in the form of 

s(2-l) = 3(2*-l), 

3(2 5 -l) 

or 8 = — * l - 

(2-1) 

By noticing that 2 is the ratio and 3 the first term, it will 
be seen that, 

The sum of a geometrical series may be found as follows : 

liaise the ratio to a power equal to the number of terms. 
Divide the difference between that power and 1 by the dif- 
ference between the ratio and 1. 

Multiply the quotient by the first terra. 

439. When the ratio is less than 1, as in the ratio 

s = 32 + 32 X i + 32 x ( J) 2 + 32 X ( J) 3 + 32 x ( J) 4 , 
if both sides be multiplied by the ratio J, the result is 
is = 32 X i+32 x (*) 2 +32x (£) 8 +32x (J) 4 +32x (J) 4 . 
Subtract the second equation from the first, then 

s- }s = 32-32x(*) 5 ; 

and this may be put in the form of 

s(l -i) = 32x {l-0) fi j. 
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By noticing that i is the ratio and 32 the first term, it 
will be seen that, 

When the ratio is less than 1, the sum of the series may 
be found as follows : 

liaise the ratio to a power equal to the number of terms. 

Divide the difference between 1 and that power of the ratio 
by the difference between 1 and the ratio. 

Multiply the quotient by the first term. 

(1) Find the sum of five terms of the series 2, 6, 18 

Here the ratio is 3 and the first term 2. Hence, 

8 - 2 X ^— ^ = 2 X *■$* = 242. 

O — JL 

(2) Find the sum of seven terms of the series 3, 1, J 

Here the ratio is J and the first term 3. Hence, 

a = 3x^-=^ = 3x 1 ~^ == 3xtft»Xi = 4jtfi. 

Exercise LXXXIX. 
Find the sum of : 

1. 2 + 6 + 18 + to six terms. 

2. 1 + 2 + 4 H — to nine terms. 
a 3 + 9 + 27 + to fiwe terms. 

4. 2 + 3+4JH — to eight terms. 

5. 1 + -J- + -J- -| to eight terms. 

6. 1 + \ + \ + to ten terms. 

7. -J- + \ + % + to eight terms. 

8. Find the sum of the first six terms of the series whose 

first term is 3 and ratio 5. 

9. Find the sum of the first eight terms of the series whose 

first term is 3 and ratio -J-. 
10. A person saved in one year $64, and in each succeed- 
ing year, for 9 years more, 1£ times as much as in 
the preceding year. Find the whole amount saved. 
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440. If a represent the first term, r the ratio, I the last 
term, n the number of terms, and * the sum of the terms, 
when any three of these five quantities are given, the other 
two may be found by means of the following formulas : 

I. / = axr*- 1 . 

II. 8 = X a, when the ratio is greater than 1. 

r — 1 

1 — r* 
III. 8 = X a, when the ratio is less than 1. 

1 — r 

441. In formula III., r* becomes smaller as n becomes 
larger; and when n is too large to be counted, r* is too 
small to be considered. The formula, therefore, becomes : 

8 = . Hence, 

1 — r - 

The sum of a decreasing series, with an unlimited number 
of terms, is the quotient obtained by dividing the first term 
by the difference between 1 and the ratio. 

(1) Find the sum of the infinite series 1 + -J- + -J- -\ 

1 1 . 

(2) Find the sum of the infinite series .1 + .01 + .001 H — 

= 111 

1 =4 = i 



1 - .1 .9 

Exercise XC. 

Find the sum of the infinite series : 

1. |4-£ + j. + _. a .212121 

2. 1 + 1 + ^4- 7. .9999 

3 - i + iV+* + * 232323 

* i + ih + Th + «■ .36848484. 

5. .171717. 10. .15272727. 
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Compound Interest. 

442. If P represent the principal, r the rate of interest, 
n the number of years, A the amount, then : 

1 + r will represent the amount of $ 1 for 1 year. 
(1 + r) 2 will represent the amount of $ 1 for 2 years. 
(1 + rf will represent the amount of $ 1 for 3 years. 
(1 + r) n will represent the amount of $ 1 for n years. 
PX (1 + r) w will represent the amount of $P for n years. 

Therefore, i-Px(l+r)"; 
and log A = log P+n X log (1 + r). 

By means of this formula, all questions in compound in- 
terest can be solved. 

(1) A deposits $15 in a savings bank, and draws it out at 

the end of 10 years with interest at 4% per annum, 
compounded annually. How much does he receive ? 

In the formula A = Px (1 + r)» P= $15, r = 0.04, n= 10. 

log 15 = 1.1761 
log 1.04 10 =0.1700 

1.3461 = log 22.19. 
That is, the amount drawn out is $22.19. 

(2) In how many years will a sum of money double itself 

at 4%, compound interest? 

Here n is required ; and if P be considered 1, A will be 2. 

Hence, log 2 = log 1 + n x log (1.04), 

log 2 - log 1 = n x log (1.04), 
log 2 — log 1 __ 
log 1.04 U ' 

0.0170 
Therefore, the number of years required is 17.7. 
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Exercise XCI. 



1. A deposits $60 in a savings bank, and draws it out at 

the end of 8 yrs., with 4% compound interest. 
What does he receive ? 

2. What will $100 amount to in 7 yrs., interest at 8% 

per annum, compounded semi-annually? 

Note. Interest for 7 yrs. at 8% per annum, compounded semi- 
annually, is the same as interest for 14 yrs. at 4%, compounded 
annually. 

3. In how many years will a sum of money double itself 

at 6%, compounded annually? 

4. In how many years will a sum of money treble itself at 

6%, compounded annually? 

5. In how many years will $87 amount to $99 at 3%, 

compounded annually ? 

6. In how many years will $100 amount to $175 at 4%, 

compounded annually ? 

7. At what rate per cent will a sum of money double it- 

self in 12 yrs., compound interest ? 

Note. Consider 1 + r the quantity sought, and its logarithm will 
be -j^ of log 2. 

8. At what rate will a sum of money treble itself in 15 

yrs. at compound interest? 

9. At what rate will $80 at compound interest amount 

to $110 in 8 yrs.? 

10. What sum must be invested at 5%, compound interest 

to amount to $ 1200 in 7 yrs. ? 

11. What sum must be invested at 4%, compound interest, 

to amount to $2000 in 10 yrs. ? To amount to $5000 
in 8 yrs. ? 

12. If A puts $100 a year into a savings bank that pays 

4% per annum, compound interest, what will he 
have in the bank at the end of 10 years ? . 
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Ik What will be the amount in the last problem if the 

bank pays 4$% per annum? 
14. What should be paid to-day for an annuity of $500 a 

year, for 12 years, if money is worth 3J%, compound 

interest ? 

Note. First find the sum of the payments and interest at the end 
of the 12 yrs., and then the present worth of that sum. 

16. What should be paid to-day for an annuity of $300 a 

year, for 10 years, if money is worth 4%, compound 

interest ? 

16b What should be paid to-day for the assurance that 5 

yrs. hence I shall begin to receive $500 a year, for 8 

yrs., if money is worth 4J%, compound interest? 

Note. Find what should be paid, if paid all at once, 5 yrs. hence ; 
then find the present worth of that sum. 

17. If interest is reckoned at 6%, what sum of money must 

be paid annually, beginning a year hence, to clear 
off a debt of $ 10,000 in 5 equal payments ? 

18. If interest is reckoned at 6%, what is the amount of 

each of 12 equal semi-annual payments, the first to 
be paid 6 mos. hence, required to clear off a debt of 
$24,000? 



CHAPTER XXV. 

MISCELLANEOUS PROBLEMS. 

1. Make six different numbers with the digits 1, 2, S, and 

find their sum. 

2. Make six different numbers with the digits 2, 3, 5, and 

find, by logarithms, their continued product. 

3. Make six different numbers with the digits 8, 7, 3, and 

find, by logarithms, their continued product. 

4. Find, by logarithms, the missing term in each of the 

following proportions : 

(i.) 7.13 : 3.57 : : 4.18 : ? (iii.) 7.37 : ? : : 86.1 : 43.7. 
(ii.) 5.89 : 76.3 : : ? : 38.7. (iv.) ? : 69.7 : : 3.79 : 29.4. 

5. Find, by logarithms, the values of .08* ; 2734*; 21.97*. 

7 M . 

6. Find, by logarithms, the values of 9.71* ; 7.935*. 

Note. In solving the following problems use logarithms whenever 
they can he used with advantage. * 

7. What is the horizontal distance between two points, 

when the air-line distance is 1534 ft., and the differ- 
ence of level 34 ft. ? 

8. Find the horizontal distance when the road distance is 

1 mile, and the rise 347 ft. 

9. If the road distance is half a mile, and the horizontal 

distance 2513 ft., find the difference of level. 

10. The diagonal of a rectangular floor is 34.6 ft., and the 

width is 17.8 ft. Find the length of the floor. 

11. The height of a tower on a river's bank is 55 ft., the 

length of a line from the top to the opposite bank is 
78 ft. Find the breadth of the river. 
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12. The number of seamen at Portsmouth is 800, at Charles- 

town 404, and at Brooklyn 756. A ship is commis- 
sioned whose complement is 490 seamen. Determine 
the number to be drafted from each place in order to 
obtain a proportionate number from each. 

13. Show, without division, that 36,432 contains 8, 9, 11 as 

factors. 

14. Find the smallest multiplier that will make 47,250 a 

perfect cube. 

15. Find the proper fraction which, when reduced to a con- 

tinued fraction, has for quotients 1, 3, 5, 7, 2, 4. 

16. If the meter is equal to 1.09362 yds. find a series of 

four fractions that will express more and more nearly 
the true ratio of the meter to the yard. 

17. Find the square factors contained in 33,075. 

18. The top of St. Peter's, Rome, is y-f-g- of a mile above the 

ground, and that of St. Paul's, London, is -£fa of a 
mile. By how many feet does the height of St. Peter's 
exceed that of St. Paul's ? 

19. How many days elapsed between the annular eclipse of 

May 15, 1836, and that of March 15, 1858? 

20. In a gale, a flag-staff 60 ft. high snaps 28.8 ft. from the 

bottom; and, not being wholly broken off, the top 
touches the ground. If the ground is level, how far 
is the top from the bottom ? 

21. Seventeen trees are standing in a line, 20 yds. apart 

from each other ; a person walks from the first to the 
second and back, then to the third and back, and so 
on to the end. How far does he walk ? 

22. A level reach in a canal is 14 1 mi. long and 48 ft. 

broad. At one end is a lock 80 ft. long, 12 ft. broad, 
and with a fall of 8 ft. 6 in. How many barges can 
pass through the lock before the water in the canal 
is lowered 1 in. ? 
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23. Find the capacity, in liters and in bushels, of a box 1.7 m 

long, S? ™ wide, and 31™ deep. 

24. Find the number of kilograms of olive oil, specific grav- 

ity .915, to fill a vessel 2.3 m long, 1.8 m wide, and 74 cm 
deep. 

25. How many tons in a block of marble 4 ft. long, 34 in. 

wide, 17.3 in. thick, if its specific gravity is 2.73 ? 

26. Find the surface of a sphere 18.3 in. in diameter. 

Note. The area of a circle is 3.1416 times the square of the radius ; 
and the surface of a sphere is 4 times the area of a circle of the same 
radius as the sphere. 

27. Find the number of acres in a circular field 213 yds. 

2 ft. across. 

28. How many cubic inches in a 10-inch globe? in a 20- 

inch globe ? What is the ratio of their volumes ? 

29. How many balls 3 in. in diameter can be cast from a 

pig of iron 7 ft. long, 6.7 in. wide, 3.8 in. thick, if the 
waste in melting and casting is reckoned at 3J% ? 

30. Find the difference in length, at 80° F., of a glass and 

a steel rod, each 3 ft. long at freezing point, if the 
expansion at 100° C. is .00085 for glass and .0012 for 
steel. 

31. A grain of gold is beaten out in leaf to cover 56 sq. in. 

What weight will be required for gilding the faces of 
a cube whose edge is 3} ft. ? 

32. What premium must be paid, at the rate of 1£%, for 

insuring a vessel worth $117,750, in order that in 
the event of loss the owner may receive both the 
value of the ship and the premium? 

33. By selling goods at 60 cts. a pound, 8% on the cost is 

lost ; what advance must be made in the price in or- 
der to gain 15% on the cost? 

34. Divide $27.12} among three persons, giving the second 

$5 less than the first, and twice as much as the third. 
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35. The population of a city in 1880 was 12,298, showing a 

decrease of 8} % on its population in 1870 ; in 1870 
there was an increase of 7£% on the census of 1860. 
What was its population in 1860 ? 

36. Find the increase of income obtained by transferring 

$2500 from 3% stocks at 94} to 4% stocks at 
105. 

37. Each person breathing in a closed room spoils the air 

at the rate of about 8 cu. ft. a minute. A congrega- 
tion of 400 persons enter a closed room 70 ft. by 40 
ft. and 20 ft. high. How long will it take them to 
spoil the air ? 

38. How long can the windows and doors of a school-room 

be safely kept closed when occupied by 50 children, 
if the room is 25 ft. by 20 ft. and 10 ft. high ? 

39. Find the square root, to four decimal places, of the 

reciprocal of .0043. 

40. A pays B $230 as the present value of $300 due in 

5 yrs. Which gains by the payment, and how much, 
if interest is reckoned at 5% ? 
4L Find the quantity of coal required by a steamer for a 
voyage of 4043 mi., if her rate per hour is 14.04 knots, 
and her consumption of coal 87 t. per day. 
Reckon 2240 lbs. to the ton, and a knot 6086 ft. 

42. Find the area of a circular ring of which the inner and 

outer diameters are 7.36 and 10.64 in. 

43. A and B can do a piece of work in 13} dys., A and C 

in 101 dys., A, B, and C in 7£ dys. In how many 
days can A do it alone ? 

44. If 3 men working 11 hrs. a day can reap 20 A. in 11 

dys., how many men working 12 hrs. a day can reap 
a field 360 yds. long and 320 yds. broad in 4 dys. ? 

45. Find the area of a triangle whose sides are 12, 5, and 

13 in. 
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443. When the three sides of a triangle are known, the 
area is found as follows : 






nx 

Subtract each side separately from half the sum of the three 
sides. 

Find the continued product of the half-sum and the three 
remainders f and extract the square root of that product. 

Ex. Find the area of a triangle whose sides are 3, 4, and 

5 ft. respectively. 

The half-sum of the sides is 3 * 4 + 5 =*6 ft., and the three 

2 
remainders are 3 ft., 2 ft., 1 ft. 

The area is V6 X 3 x 2 x 1 sq. ft. = 6 sq. ft. 

46. Find the area of a triangle whose sides are 73, 57, and 

48 ft. 

47. Find the number of hektars in a triangular field whose 

sides are 37.5 m , 91.7™ and 78.9" 1 . 

48. Find the number of hektars in a triangular field whose 

sides are 67.5 m , 81.2T, and 102.7 m . 

49. Find the number of acres in a triangular field whose 

sides are 227, 342, and 416 ft. 
60. Find the number of acres in a triangular field whose 
sides are 79 chains 8 links, 57 chains 3 links, and 102 
chains 19 links. 

51. Find the number of square rods in a triangle whose 

sides are 7 rds. 2 yds., 6 rds. 5 yds., and 9 rds. 4i ft. 

52. Find the number of acres in a four-sided field, the sides 

of which are in order 361, 561, 443, and 357 ft. ; and 
the distance from the beginning of the first side to 
the end of the second side is 682 ft. 
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444. When one side of a triangle is regarded as a base, 
the triangle may be imagined as resting with that base on a 
horizontal line. The distance 
of the highest point of the tri- 
angle above that line is called 
the altitude of the triangle. 

When the altitude and base 
of a triangle are known, the 
area is found as follows : 

Multiply the altitude by the base, and take one-half the 
product. 

Ex. Find the area of a triangle of which the base is 3 ft. 
and altitude 4 ft. 




(^<I\ 8q . ft. = 6 sq. ft. 



63. Find the number of hektars in a field of three sides, 

one of which is 82. l m , and the distance from this side 
to the opposite corner 47. 3 m . 

64. Find the number of acres in a triangular lot, one side 

of which is 343.6 ft., and the distance from this side 
to the opposite corner is 163.2 ft. 

When the three sides of a triangle are known, and the al- 
titude is required : 

Find the area of the triangle, and divide the result by half 
the side that is taken as the base. 

55. Find the altitude of a triangle, if each side is 1000 ft. 

56. Find the distances of the vertices from the opposite 

sides of a triangle, when these sides are 17.8 mm , 
23.6 mm , and 31.5 mm . 
67. If the four sides of a field measured in succession are 
237, 253, 244, and 261 ft., and the diagonal measured 
from the end of the first side to the end of the third 
side is 351 ft. ; find its area. 
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58. If the four sides of a field are 237, 253, 244, and 261 ft., 

taken in order, and if the corner formed by the second 
and third sides is a square corner ; find the diagonal 
from the beginning of the second side to the end of 
the third side, and also find the area of the field. 

59. Find the area of a circle that has a radius of 10 in. ; of 

a circle that has a diameter of 10 ft. ; of a circle that 
has a circumference of 30 in. 

60. A horse is tied by a rope 27.8 m long; what part of a 

hektar can he graze ? 

61. How many square feet in a circle that has a diameter 

of 171 yds. ? 

62. How many square feet in a circle that has a circumfer- 

ence of 117 yds. ? 

63. How many square inches in the surface of a gloW that 

has a radius of 12.37 in. ? 

64. Find the area of the surface of the largest globe that 

can be turned out from a joist 4 in. by 6 in. 

65. How many cubic inches in a globe that has a diameter 

of 10 in. ? 

66. If a tree be round, and the girt is 17 ft. 6 in., find its 

diameter. Find the area of a cross-section, and find 
the number of cubic feet in the largest sphere that 
can be cut from it. 

67. Find the weight in kilograms and in pounds of an iron 

ball 21. 5 cm in diameter, specific gravity 7.47; of a tin 
ball 13"° in diameter, specific gravity 7.29 ; of a 
lead ball 17.3 cm in diameter, specific gravity 11.35; 
of a silver ball LSI 6 " in diameter, specific gravity 
10.47. 

68. A slab of cast-iron 4 ft. 2 J in. long, 17 in. wide, and 

8} in. thick, specific gravity 7.31, is cast into 2-lb. 
balls. If there is a loss of 5% in melting, how many 
balls are obtained, and what is the diameter of each? 
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3:15 



68; How many pounds avoirdupois would a ball of such 
iron 30 in. in diameter weigh ? 

70. If the specific gravity of ice is .921, find the weight and 
the surface of each of three spheres of ice whose 
diameters are 1™, 10™, and 1™. Which of these 
spheres would roll first on a plain, in a gradually- 
increasing wind ? 



square at each end, 




445. A straight, round stick, cut o 
is called a cylinder. 

The area of the convex surface 
of a cylinder is obtained as follows: 

Multiply the circumference of 
one end by the length of the cylin- 
der. 

The volume of a cylinder is ob- 
tained as follows : 

Multiply the area of one end by 
the length of the cylinder. 



7L Given a cylinder 10 in. in diameter and 12 in. long; 
required the area of each end, the convex area, the 
total area, and the contents in gallons. 

72. Find the capacity in gallons of a round cistern 13 ft. in 

diameter and 9 ft. deep. 

73. "What must be the diameter of a cylinder 10 in. deep, in 

order that it may hold 1 gallon ? 

74. Find the volume of a cylinder 8 in. in diameter and 11 



7R Find the dimensions of three cylinders that have the 
diameters equal to the heights, and hold 1 gal., 1 qt, 
and 1' respectively. 
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446. A solid with two equal polygonal ends, connected 
by plane faces at right angles to the ends, is called a prism. 
The volume of a prism is found as follows : 

Multiply the area of one end by the length of the prism. 




76. Find the volume of a triangular prism 11 in. 

the sides of the ends being 2, 3, and 4 in. long. 

77. Find the capacity in bushels of a bin 6 ft. long, and the 

end of which is a square measuring 3 ft. 3 in. on a side. 

78. Find the number of cubic yards in a square prism 200 

ft. on a side, and 40 ft. long. 

447. A solid with a polygonal base, and plane faces meet- 
ing in a point, is a pyramid. The volume of a pyramid is 
one-third of that of a prism of the same base and height. 
7ft How many cubic yards in a square pyramid 210 ft. on 

aside, and 123 ft. high? 

80. Find the capacity of a cup, the mouth of which is a 

square 4 in. on a side, and the sides of which are four 
equilateral triangles. 

81. The largest of the Egyptian pyramids is 147™ high, 

with a base 231 m square. Find its volume in cubic 
meters. 

448. A body whose base is a circle, and whose convex 
surface tapers uniformly to a point, is called a cone. 
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The volume of a cone is one-third the volume of a cylin- 
der of the same base and height. 

82. The slant depth of a conically-shaped drinking-cup is 

93 mm , and the diameter at the top 8™. What is its 
capacity ? 

83. The volume of a cone is l**™ ; its height is equal to the 

radius of its base. Find the dimensions of the cone. 

449. The capacity of a round vessel, that is not hemi- 
spherical, cylindrical, or conical, may be estimated as follows : 

Add one-fourth of the square of the diameter to one-third 
of the square of the depth, and multiply the result by eleven- 
sevenths of the depth. 

84. Find the capacity of a wash-bowl SO 001 in diameter and 

6°* deep. 

85. Find the capacity in liters of a boiler 89 cm in diameter 

and 31°* deep. 

86. Find the capacity in quarts of a bowl 10 in. in diam- 

eter and 4 in. deep. 

87. Find the capacity in pints of a saucer 6 in. across and 

1} in. deep ; of a bowl 7 in. across and 3 in. deep ; 
of a bowl 8 in. across and 3} in. deep. 

88. How many gallons will a boiler 5 ft. in diameter and 

2 ft. deep hold ? 

89. How many gallons will a boiler 30 in. in diameter and 

1 ft. deep hold ? 

90. Find the capacity in pints of a cylinder 1.9375 in. in 

diameter, 2.4375 in. high ; of a cylinder 3i in. in di- 
ameter, 3| in. high ; of a cylinder 3-J-f in. in diameter, 
5^g- in. high. 

91. Find the capacity in pecks of a cylinder 15.865 in. in 

diameter, 12.5 in. high ; of a cylinder 9.25 in. in di- 
ameter, 4.25 in. deep ; of a cylinder 18.5 in. in diam- 
eter, 8 in. deep. 
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92. What must be the diameter of a circle, in order that it 

may contain 78.54 sq. ft. ? to contain 314.16 sq. ft. ? 

93. What must be the diameter of a circle to contain 1 A. ? 

to contain 9 A. ? 

94. What must be the diameter of a circle to contain I 1 ** ? 

to contain 25**? 
96. Find the number that exceeds its square root by 20. 

96. How much water will a hemispherical bowl hold that 

is 10 in. in diameter ? 

97. What will it cost to gild a hemispherical dome 10 ft. in 

diameter, at 50 cents a square foot ? 
96. If the moon is a sphere 2170 miles in diameter, about 

how many million bushels would she hold if hollow ? 

and how many yards of cloth a yard wide would it 

take to cover her ? 
99. If the earth is 7920 miles in diameter, and the air is 40 

miles deep, how many cubic miles of air are there 

about the planet ? 
100. What is the difference between 2 feet square and 2 

square feet? between a foot square and a square 

foot ? between half a foot square and 6 in. square ? 




Cone. 




Pyramid 



450. When the top of a cone or pyramid is cut off par- 
allel to the base, the volume of the remaining frustum may 
be found as follows : 
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Find the volume of the whole, and also of the part cut off. 
The difference between the two volumes is the volume of the 
frustum; or, 

Multiply the area of the base of the frustum by that of the 
top ; extract the square root of the product ; to the result add 
the areas of the base and top, and multiply one-third this sum 
by the height of the frustum. 

101. Find the volume of a square frustum of which the base 
is 3 ft. square, top 2 ft. square, and height 4 ft. 

1G& Find the capacity in liquid quarts of a tin pan 10 in. in 
diameter at top, 8 in. in diameter at bottom, and 4 
in. deep. 

103. How many hektoliters will a circular vat hold 5 m in 

diameter at the top, 4.57" 1 at the bottom, and 1.17 m 
deep? 

451. The oval made by the shadow of a circular plate is 
called an ellipse. 

The area of an ellipse is .7854 of the product of its longest 
and shortest diameters. 

104. Find the area of an ellipse 8 in. by 11 in. ; of an ellipse 

15 in. by 21 in. 

105. The ends of a cord 100 ft. long are fastened to stakes 

placed 80 ft. apart on level ground. A ring, to 
which a kid is tied, plays freely on the cord. How 
far from the straight line joining the stakes can the 
ring be pulled? What are the diameters of the 
ellipse which the kid can graze ? How many square 
feet in the ellipse ? 
108. Using the same rope as in the last problem, but putting 
the stakes 25 ft. apart, how many per cent is the kid's 
pasturage increased ? 
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107. A cylindrical log, 11 in. in diameter, is sawed off on 

such a slant that the pieces are 8 in. longer on the 
longest than on the shortest side. Find the dimen- 
sions of the ellipse thus made, and its area. 

462. The number of vibrations that pendulums make in 
a given time is inversely as the square root of their lengths. 

A pendulum passing its central point of rest once every mean solar 
second is 39.138 in. long. 

108. Find the length of a pendulum beating half-seconds ; 

of a pendulum beating quarter-seconds. 

109. How many centimeters long is a pendulum swinging 

80 times a minute ? a pendulum swinging 30 times 
a minute ? 

110. If a cannon-ball be suspended by a fine wire 176 ft. 

long in the central well of the Bunker Hill Monu- 
ment, how many times a minute will it swing ? 

463. If a plunger fits tightly in a small cylinder, and 
by it water is forced into a large cylinder, the plunger in 
the large cylinder is lifted with a force nearly equal to the 
product of the force with which the little plunger is driven 
in multiplied by the square of the ratio of the diameters of 
the two cylinders. 

111. Find the lifting-power of a hydraulic press, the plunger 

being l 6 ™ in diameter and driven with a force of 
100** if the lifting-piston is l m in diameter. 

112. If the plunger is i in. in diameter, and is driven with a 

force of 1000 lbs., how much can it lift with a lifting- 
piston 4 ft. in diameter? 

113. If the plunger is 2 in. in diameter, and is driven with 

a force of 1000 lbs., how much can it lift with a lift- 
ing-piston 2 ft. in diameter? 
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114. The water stands in a fissure in a rock 10 m high and 

12" 1 long. What pressure is exerted to split the rock 

on the lowest meter's width ? on the highest meter's 

width ? in the whole fissure ? 

Note. This pressure is found by multiplying the surface upon 
one side by the height of water above the centre-line and count- 
ing the product as volume of water, and then finding the weight 
of this volume of water. The principle is precisely the same as 
in the hydraulic press. 

115. A dam is 100 ft. long and 10 ft. deep, and the water 

is just flowing over it. What pressure is exerted 
over the lowest two feet of the dam ? 

464. A body falling in a vacuum falls 4.903 m in the first 
second ; it then has acquired a velocity of 9.806 m . 

A falling body increases its velocity in proportion to the 
time it is falling ; and the distance fallen is in proportion to 
the square of the number of seconds of time it is falling. 

Thus, a body falling from a state of rest in a vacuum will in half 
A second have fallen 1.2257", and have acquired a velocity of 4.903"; 
in 3 sec. it will have fallen 44.127", and have acquired a velocity of 
29.418" per second. 

The velocity of heavy bodies falling short distances in air will not 
be much less. 

116. What velocity in meters a second will a cannon-ball 

acquire in falling three-quarters of a second ? in fall- 
ing three and a quarter seconds ? 

117. How long will it take a leaden ball, rolling off a table 

29 in. high, to reach the floor ? 

118. What velocity will a crowbar attain in falling end- 

wise from a balloon 2000 m high ? How long will it 
be in coming down ? 

119. What velocity will a crowbar attain in falling endwise 

from a balloon one mile and a quarter high ? How 
long will it be coming down ? 



332 ARITHMETIC. 

120. If Cariflbrook Well is 210 ft. deep, how long after a 

pebble is dropped will it be before it is heard to 
strike the bottom, if its velocity is reckoned at 32 ft. 
at the end of a second, and the velocity of sound is 
1120 ft. a second ? 

121. On the same suppositions as in Ex. 120, how long after 

a pebble is dropped will it be heard to strike the 
bottom of a ventilating shaft 1600 ft. deep ? 

122. If a pebble is dropped over a precipice, and is heard 

to strike the bottom in 7i sec, how far has it fallen, 
on the same suppositions as in Ex. 120 ? 

123. A pebble dropped down a shaft is heard to strike the 

bottom in 3 sec. after it begins to fall. Find the 
depth of the shaft. 

124. How long will it take a ball, rolling off a table, to drop 

1°°? lin.? 10* 11 ? 6 in.? 

465. The velocity with which water will flow out of a hole 
in the side of a reservoir is nearly proportional to the square 
root of the depth of the hole below the surface of the water; 
and is about 32 ft. a second at the depth of 16 ft. 

125. With what velocity will water flow through a hole 

9 ft. below the surface ? 

126. With what velocity will water leave a fountain having 

free play, and a head of 25 ft. ? a head of 100 ft. ? 

127. If a hole in the side of a cistern 4 ft. below the surface 

of the water is delivering 10 gals, an hour, how many 
gallons would it deliver with 5 ft. more head ? 

128. If a pipe 2 in. in diameter, and 1 ft. long, inserted in 

a dam, the head of water being kept constant, de- 
livers 4 gals, a minute, how many gallons a minute 
may be expected when another pipe of the same 
length, but 2} in. in diameter, is substituted for the 
two-inch pipe ? 
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129. If a one-inch pipe, 20 in. long, is substituted for the 

two-inch pipe, 1 ft. long, in Ex. 128, and the flow is 
found to be 5 pts. a minute, what part of the dimi- 
nution is due to the smaller area of the orifice, and 
what part to the increased friction on the sides of 
the longer pipe ? 

466. The quantity of water issuing from a hole is in pro- 
portion to the square root of the head; and the velocity is in 
proportion to the square root of the head. 

The work which the water can do is in proportion to the 
quantity multiplied by the square of the velocity; that is, 

The work is in proportion to the square root of the cube of 
the head. 

130. A miller is using water flowing through the gate- way 

under 4 ft. head. How much more work could he do 
if the head was raised to 9 ft. ? how much more if 
the head was raised to 25 ft. ? 

467. When a body is moving in a circle, the centrifugal 
force is about 1.227 of the continued product of the weight of 
the body, the number of feet in the radius of the circle, and 
the square of the number of revolutions in a second. 

Thus, a body going round a circle of 5 ft. radius once a minute, 
presses away from the centre with a force equal to 1.227 X 5 x — - 
of the weight of the body. 

Note. When the radius is measured in meters, the multiplier 
4.025 must be used in place of 1.227. 

131. If a top 3 in. in diameter is making 200 revolutions 

a second, with what force does the outer layer pull 
away from the centre ? 

132. If a sling 30 in. long contains a stone, and is whirled 

round 80 times a minute, what is the force pulling 
on the string ? 
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133. With what force does a locomotive running at 30 mi. 

an hoar, on a curve of 800 ft. radius, bear against 
the outer rail ? 

134. It washed wool is put wet into a wire basket 1.2™ in 

diameter, and the basket is set to spinning at the 
rate of 180 revolutions a minute, with what force is 
water wrung out of the wool ? 

135. If steel pens are revolved in a basket 32"" in diameter, 

17 revolutions a second, with what force is the oil 
drained from them ? 




When a chain of uniform thickness hangs from two points not in 
the same vertical line, it hangs in a curve called a oommon catenary. 

The length of the chain from the lowest point to any point selected 
may he called half-ohain. The height of the point selected above the 
lowest point is called sag. The horizontal distance of the point se- 
lected from the lowest point is called half-spaa. The horizontal force 
with which the point selected is drawn inward is called tension. The 
radius of the circle which will fit the curve at its lowest point is 
called radius. The straight line which touches the curve at the point 
selected is called tangent. 

The following propositions have been proved by higher mathe- 
matics : 

I. Tension = weight of a piece of the same chain as long as the 
radius. 

II. Radius = sum of half-chain and sag multiplied by difference 
of half-chain and sag, and divided by twice sag. 



MISCELLANEOUS PROBLEMS. 335 

• III. The log of half-span = log of sum of half-chain and sag plus 
log of their difference, plus log of the difference of these two loga- 
rithms plus colog of sag plus 0.0612. 

IV. Radius divided hy half-chain measures the "batter" at the 
point selected ; that is, measures the horizontal falling back for every 
unit of vertical ascent in a straight line tangent at that point. 

. 136. How strong a horizontal pull on a chain, weighing half 

a pound to the yard, is required to make the lowest 

' part curve with an 18-in. radius? with a 6-ft. radius? 

137. A }-in. rope, weighing J of a pound to the yard, is 

fastened at one end to a staple, and near the other 
end, on the same level, runs over a pulley, and has 
a 25-lb. weight hung to it. What is the radius of 
its curvature at the middle ? 

138. A shower wets the rope of Ex. 137, and increases its 

weight 40% ; what does its radius now become? 

139. A steam-tug, in attempting to move a ship, straight- 

ened her hawser until the radius of the lowest point 
was 1980 ft. The rope was wet, and weighed 3J lbs. 
to the yard. With what force was it stretched ? 

140. A chain 31 ft. long hangs between points on a level, and 

sags 4 ft. ? What is the radius at the lowest point ? 

141. The whole chain, in Ex. 140, weighs 18 lbs. What is 

the horizontal tension ? What is the distance of the 
points apart? What is the slant, or batter, of the 
end of the chain ? 

142. A chain weighing l* 8 to the meter is suspended from 

points on a level ; the length of chain is 31 m , and it 
.sags 1.3 m . Find all the conditions, and find how 
much it falls below a level at lO ™ from each end. 

143. A chain 100™ long, weighing 14 oz. to the foot, is sus- 

pended from points on a level 80 m apart. What is 
the sag, the batter at the ends, and the horizontal 
tension ? 
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144. Suppose the points of suspension in Ex. 143 to remain 
unchanged, and the chain to be shortened 5 m . What 
does the tension become ? 

146. How long a rope is required between points 100 ft. 
apart to sag 30 ft. ? 20 ft. ? 10 ft. ? 



146. If 4 cu. in. of iron weigh 1 lb. avoirdupois, what is the 

weight of 1 cu. in. in grains ? What is the specific 
gravity of the iron ? 

147. If 4 cu. in. of iron weigh 1 lb., what is the diameter of 

a 6-lb. ball ? of a 32-lb. ball ? 

148. If a block of iron (with all its corners square) measures 

17.36 in. by 8.7 in. by 1.76 in., what does it weigh 
at J lb. to the cubic inch ? and what would be the 
diameter if cast into a ball, if 11% is allowed for 
waste? 

149. Answer the same questions as in the last example, for 

a block of which the dimensions are 71.4 in. by 8 J 
in. by 3J in. 

150. What is the diameter of a cylinder 11 in. long that 

holds 2 gals. 

151. What is the diameter of a cylinder 9 in. long that 

holds 2 gals. ? 

152. What is the diameter of a cylinder SO 00 long that 

holds 10 1 ? 

153. What is the circumference of a globe if the square 

centimeters of its surface are three times the cubic 
centimeters of its volume ? 

154. Find the diameter of a circle of which the number of 

inches in its circumference is equal to the square 
feet of its area? 

155. How many times does a carriage-wheel 3 ft. 2 in. in 

diameter turn in going a mile on a smooth road? 
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166. The top of a wheel is at each instant moving with twice 

the velocity of the carriage, and is moving in a curve 
whose centre, at the instant, is as far below ground 
as the point is above ground. What, then, is the 
force exerted to separate the mud from the top of 
a wheel 3 ft. 2 in. in diameter, when the carriage is 
moving at the rate of 10 mi. an hour ? 

167. A point in the tire, as a spike-head, moves, while the 

wheel rolls over once, just four times the diameter of 
the wheel. How far does the point travel while the 
wheel, 3 ft. 2 in. in diameter, travels 1 mi. ? 

168. An oil-can is formed of two cylinders connected by a 

frustum of a cone. The upper cylinder, or neck, is 
6°™ in diameter, and 75 mm high ; the lower cylinder 
is 13"* in diameter, and 153 mm high ; the total length 
of the can is 30°*. Find its capacity in liters. 

159. A common tunnel is formed of a frustum of a cone 

terminated with a cylinder. The height of the frus- 
tum is 14 cm , and the diameters of the two bases are 
175 mm and 16 mm respectively. The cylinder is 8"" 
long. Find the capacity of the tunnel in liters. 

160. A pan is in the form of a frustum of a cone. The 

interior measurement is lO " 1 deep, 12°* across the 
bottom, and 23 cm across the top. Find the capacity 
of the pan in liters. 

161. A stove-pipe is 4 m long, 26 cm in diameter, and l ,nm 

thick. Find how many square centimeters of sheet- 
iron it has taken to make it, if the edges lap one 
centimeter ; and give the weight of the pipe, if the 
specific gravity of the sheet-iron is 7.8. 

162. A spherical bomb is 32 cm in diameter, and the sides 

38 mm thick. The specific gravity of the metal of 
which it is made is 7.2. Find its weight and inte- 
rior capacity. 
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163, The diameters of a lamp-shade are 25°™ and 7*™ ; ite 

slant height is 134 mm . Give its curved surface in 
square centimeters. 

164. A niche is formed like a half-cylinder surmounted by 

a quarter of a sphere. The height of the cylinder 
is 1.2 m , the diameter ,8 m . Find the volume of the 
niche, and the area of its interior surface. 
166. A steam-boiler is formed of a cylinder terminated at 
each end by a hemispherical cap of the same diam- 
eter. The length of the cylinder is 3.4 m , interior 
diameter .8 m . Find the number of hektoliters of 

water required to fill the boiler half full. 

• 

458. In the average state of the atmosphere, the distance 
at which an object is visible at sea is found by the following 
formula : 

The square of the distance in English miles is seven- 
fourths the height of the object in English feet; or, 

log miles = 0.1215 + \ log feet, 
log feet = 2 log miles - 0.2431. 

166. A hill 482 ft. high is 8 mi. from the shore. How 

many miles out at sea is it visible ? 

167. A sailor at the topmast 80 ft. above the sea can just 

see a sailor at the topmast of a similar ship. How 
many miles apart are the vessels? 

168. A vessel approaching Valparaiso at day-break just 

makes out the peak of Aconcagua, 23,000 ft. high 
and 140 mi. back from the coast. How far is the 
vessel from land if the eye of the observer is 30 ft. 
above the water? 

169. If Mount Washington is 6240 ft. high and 76 mi. in 

an air-line from Cape Elizabeth, how far out from 
the Cape will its peak be visible in the ordinary 
state of the atmosphere? 
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170. How many acres of water can a man see, standing on 

a raft with his eyes just 6 ft. above water, and no 
land in sight ? 

171. How far would a mountain 30,000 ft. high be visible ? 

one of 5000 ft. high ? one of 1000 ft. high ? 

172. How high must a mountain be in order to be visible 

at sea-level 50 mi. ? 100 mi. ? 150 mi. ? 

459. When the distance is given in kilometers, and the 
height in meters, ^ 

The square of the distance in kilometers is 15 times the 
height in meters ; or, 

log kilometers = 0.5880 + J log meters, 
log meters = 2 log kilometers — 1.1761. 

173. How far is a mountain 1000 m high visible ? 2000 m 

high? 

174. How far can a man see from the shore, if he stands on 

a bluff that raises his eye ll m above the sea? 

175. If in steaming away from a mountainous island a sailor 

estimates his distance at 171 km , when the island dis- 
appears beneath the wave, how high shall he esti- 
mate the mountains ? 

460. Sound travels in still air at 57° F. 1114 ft. a sec- 
ond, and 1 ft. a second faster for every degree above 57° ; 
so that at 63° it goes 1120 ft. a second; at 53° , 1110 ft. a 
second. 

176. The flash of a gun is seen 7 J sec. before the report of 

the gun is heard ; there is no wind, and the ther- 
mometer is 73° F. How far off was the gun ? 

177. A meteor was seen to burst ; the report followed in 

4 min. 17 sec. What was its distance if the average 
temperature of the intervening air was 50° F. ? 
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461. Sound travels in air at 21° 0. 345™ a second, and 
bS m a second faster for 1° C. increase in temperature. 

178. Find the distances of the last two examples by this 

rule. 

179. How long will it take for an explosion at the equator 

to be heard at the antipodes of the place, if the cir- 
cumference of the earth at the equator be reckoned 
at 40,000 km , and the average temperature at the 
equator at 23° C. ? 

180. If an explosion at the equator occurs at sunset and the 

average temperature east of the spot is 22° C, and 
that to the west 24° C, how far from the antipodes 
would the sounds meet ? 

181. How far off is the lightning when the thunder follows 

in 13 sec, the temperature being 76° F.? 

182. How long would it take sound to go through a whis- 

pering-tube 3 mi. long, temperature 61° F. ? 

183. Sound travels in iron about 10} times as fast as in air. 

How long, then, after seeing the blow of a sledge- 
hammer given on the other end of an iron pipe 1} 
mi. long, may I expect to hear the sound by the 
iron ; and how long after, to hear the sound through 
the air in the pipe ; thermometer 63° F. ? 

184. Two gunners fire at each other simultaneously from 

forts 1} mi. apart; the wind, at 70° F., blows stead- 
ily from one fort to the other, at 11 mi. an hour. 
How soon will each hear the report of the other's 
gun ? Suppose one ball flies on the average 987 ft. 
a second, the other 818 ft. a second ; when will 
each receive the others shot? 

185. Sound travels in water about 4.26 times as fast as in 

air. How many seconds sooner would the sound of 
a torpedo exploded under water 2 mi. off reach you 
by water than by air, at 68° F. ? 
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186. Required the expense of painting the walls and ceil- 

ing of a room 22 ft. 6 in. long, 13 ft. 6 in. wide, and 
10 ft. high, at 30 cents a square yard. 

187. In what time would a cistern be filled by three pipes 

whose diameters are i in., J in., and 1 in., when the 

largest alone would fill it in 40 min. ; the rates of flow 

* being proportional to the squares of the diameters ? 

188. How many gallons of water are contained in a length 

of 50 yds. of a canal, if its width at the top is 8 yds. 
and at the bottom 7 yds., and its depth 5 ft. ? 

189. Find the weight supported by each of two men, A and 

B, who carry a hundred-weight suspended on a pole 

6 ft. long, at a point 2 ft. 3 in. from As end, if the 

pole weighs 16 lbs. 

Note. One-half the pole is supported by each man, and the part 
of the weight supported by each is inversely proportional to its dis- 
tance from him. 

190. A man who rows 4 mi. an hour in still water takes 

1 hr. 12 min. to row the same distance up a river. 
How long will it take him to row down again ? 

191. How long a ladder will be required to reach a window 

40 ft. from the ground, if the distance of the foot of 
the ladder from the wall is one-fifth of the length 
of the ladder ? 

192. If 3 oz. of gold 15 carats fine are mixed with 7 oz. 12 

carats fine, what will be the fineness of the com- 
pound? What must be the fineness of 11 oz. so 
that, when added to this compound, the whole may 
be 14 carats fine ? 

193. Find the surface of each face of a cube whose volume 

is 14 cu. ft. 705.088 cu. in. 

194. What must be the length of spermaceti candles J of 

an inch in diameter, that 6 of them may weigh a 
pound, if the specific gravity of spermaceti is .943 ? 
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195. \ cylinder 10 in. across and 10 in. high contains .3927 

of a cubic foot of water. How many shot .1 in. in 
diameter must be poured in to raise the water to the 
top? 

196. Determine the depth of conical-shaped wine-glasses 2} 

in. across the top, that 60 of them may hold a 
gallon. 

197. A train approaching a station at the rate of 25 mi. an 

hour passes over two signals placed half a mile 
apart. Find the interval between the times at which 
their reports are heard at the station, sound travel- 
ling at the rate of 1090.2 ft. per second. 

198. The apparent intensity of light varies inversely as the 

square of its distance. Find the point between two 
lamps 50 yds. apart at which one appears twice as 
bright as the other. 

199. How deep may a round cistern 4 ft. across be made so 

as to be lined with the same lead as a cubical cis- 
tern 4 ft. each way ? Compare their capacities. 

200. The material for lining a cubical cistern cost $10; 

find the cost of material for lining two similar cis- 
terns which shall each hold one-half as much. 

201. What distance can be seen from the top of a mountain 

4 mi. high. 

202. If 5 excavators sink a circular shaft 8 ft. in diameter 

and 125 fathoms deep in 100 dys. of 10 hrs. each, 
how many nights of 7 hrs. each will 4 excavators be 
in sinking a shaft 6 ft. in diameter and 75 fathoms 
deep ; if the difficulty of working by night is one- 
seventh greater than by day, and the hardness of 
the ground in the smaller shaft is to that in the 
larger shaft as 7 is to 5 ? 

203. Find the length of a pendulum that oscillates. SO times 

a minute ? 
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204. A man whose weight is 160 lbs., wishing to raise a 

rock, leans with his whole weight on a horizontal 
crowbar 5 ft. long, which is propped at the distance 
of 4 in. from the end in contact with the rock. Find 
what force he exerts on the rock, and what pressure 
the prop has to sustain, if the weight of the crowbar 
is not reckoned. 

Power _ Distance of weight from fulcrum 
Weight Distance of power from fulcrum 

205. A child weighing 56 lbs. is at one end of a plank 16 

ft. long, and a child weighing 72 lbs. is at the other 
end. Find the distance of each child from the ful- 
crum when the plank is used for a see-saw. 

206. In a pair of nut-crackers if the nut be placed at a dis- 

tance of 1 in. from the hinge, and the hand presses 
at a distance of 8 in. from the hinge, find the pres- 
sure upon the nut for every ounce of pressure exerted 
by the hand. 

207. A substance is weighed from both arms of a false bal- 

ance, and its apparent weights are 9 lbs. and 4 lbs. 
Find the true weight. 

208. A rope passes over a single pulley. How much force 

is required to raise 180 lbs. attached to one end of a 
rope if 1% of the force applied is required to over- 
come friction ? 

209. A cask of lamp-black weighing 160** is attached to a 

rope -wound on an axle lQ " 1 in diameter; at one end 
of the axle is a wheel ITS 6 ™ in diameter. With what 
force must a man pull down on a rope passing over 
the wheel to raise the cask if H% of the pull is 
required to overcome friction ? 

Force Diameter of axle 

_______ w 

Weight Diameter of wheel 
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210. The circumference of the circle described by the end 

of the power-arm of a screw is 24 in., and by one 
turn of the screw the head advances half an inch. 
If the power is 3 lbs. find the weight lifted. 

Power Distance between two consecutive threads 

Weight Circumference described by the end of power-arm 

211. In a screw used to raise a load of 10 t. the power is 

50 lbs., acting by an arm 4 ft. long. Find the dis- 
tance between two consecutive threads. 

462. Chemists employ initial letters to signify fixed pro- 
portional quantities. Multiples of these are indicated by 
small figures placed after them ; and multiples of com- 
pounds are indicated by figures placed before them. 

Thus, if the gram is the unit, H signifies Is of hydrogen, and O 
signifies 16* of oxygen; then H t O means 18* of water, and 211,0 
means 36* of water ; while H t + would mean 2* of hydrogen and 
16* of oxygen mixed, but not chemically united. An electric spark 
passed through H, + would produce H f 0, with an explosion. 

The chemical symbols and numerical proportions of a few 
common elements are as follows : 



Element Symbol. 

Hydrogen . . . . H 

Oxygen 

Sulphur S 

Iron (ferrum) . . . Fe 

Calcium Ca 

Sodium (natron) . . Na 

Carbon C 

Boron B 



Numerical Equivalent 
1 

16 
32 
56 
40 
23 
12 
11 



212. What per cent of water is oxygen? what per cent 

hydrogen ? 

213. What per cent of quicklime, CaO, is oxygen? 

214. What per cent of water (H 2 0) in slacked lime, Ca S H 8 ? 
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215. What per cent of pure marble, CaC0 8 , is oxygen ? 

216. What per cent of gypsum (plaster of Paris), Ca S 4 + 

2H 2 0, is sulphur? 

217. What per cent of washing-soda, NajCO s -f 10H S 0, is 

carbon ? 

218. In 118 lbs. of Glauber salts, Na s SO 4 +10H 2 O, how 

many ounces of sulphur ? 

219. How many ounces of soda, Na^O + HjO, in 7 lbs. of 

borax, Na 2 B 4 7 + 10 H 2 ? 

220. What per cent of pure alcohol, C 2 H 6 0, is carbon ? What 

per cent of pure white marble, CaC0 8 , is carbon ? 

221. What per cent of pure acetic acid (the acid of vine- 

gar), is carbon, the formula being C 2 H 4 2 ? 

222. How much acetic acid can be obtained from 12 lbs. of 

alcohol, C 2 H 6 0, if there is no waste ? 

223. How many grains of carbon in 1 oz. avoirdupois of ox- 

alic acid, C 2 H 2 4 + 2 H 2 ? 

224. How many milligrams of carbon in 3 g of tartaric acid, 

C 4 H 6 O e ? 
226. How many kilograms of carbon in 95** of white sugar, 
Ojj H22 On • 

226. The formula of camphor is CioH w O. How many grams 

of carbon in 14** of camphor ? 

227. In 20** of oil of vitriol, H 2 S0 4 , how many grams of 

sulphur? 

228. What per cent of oil of vitriol is water? what per cent 

sulphuric acid, S0 8 ? 

229. In 3.5* of black oxide of iron, FeO, how many milli- 

grams of iron ? 

230. Red iron-rust consists of 70% iron and 30% oxygen. 

Find its formula. 

231. The choking vapor of burning sulphur is equal parts 

sulphur and oxygen. What is its chemical form- 
ula? 
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232. If the composition of copperas is sulphuric acid 28.9% , 

oxide of iron 25.7%, water 45.4%, what is its form- 
ula? 

Solution. Water being 18, oxide of iron 72, and sulphuric 
acid 80, first seek multiples of 72 and 80, in the proportion of 
25.7 to 28.9; that is, of .8892 to L But it is evident that 72 
and 80 are in almost exactly that proportion. This gives 
FeS0 4 + water; and the remaining question is to find a mul- 
tiple of 18 which is to 152 as 45.4 is to 54.6 ; that is, which 
is .8315 of 152, or 126.4. But 7 X 18 = 126; and the addition 
of seven parts of water gives as the complete formula, 

FeS0 4 +7H f O. 

233. Spirits of turpentine is 11.76% hydrogen and 88.24% 

carbon. Give a chemical formula which will express 
that fact. Compare now with camphor, C 10 H 16 0. 
What per cent of oxygen combined with spirits of 
turpentine are required to make camphor? 



234. Out of the ten digits, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, how 

many numbers each consisting of two figures can be 
formed ? 

235. How many odd numbers consisting of two figures can 

be formed with the ten digits ? 

236. With the digits 0, 1, 2, 3, 4, 5, how many numbers 

between 1000 and 4000 can be formed ? 

237. How many dominoes are there in a set numbered from 

double blank to double nine? 

238. How many different amounts can be weighed with 1-lb. 

2-lb., 4-lb., 8-lb., and 16-lb. weights? 



APPENDIX : 

CONTAINING TABLES USEFUL FOR REFERENCE. 
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I. SPECIFIC GRAVITIES. 



Acid, acetic, strongest . . 

" nitric, 

" sulphuric, " . . 

Air 

Alcohol, pare 

" of commerce . . 
Aluminum, lightest . . 
Brass, average .... 
Brick, common .... 

" pressed .... 

Cedar, dry 

Cherry, dry, average . . 
Coal, Dituminous, average 

" anthracite, " . 

Copper, cast 

Cork 

Glass, average .... 
Gold, pure, cast .... 
Granite, average 






Gypsum, heaviest 

Hydrogen 

Ice 

Iron, cast, average 

" wrought, average .... 
Lead, cast 

" white 

Lignum vitas 

Lime 

Marble, average 

Mercury 

Milk 

Nitrogen 

Oil, linseed f 

Oak, dry white 

Oxygen 

Pine, dry white 

Platinum, hammered 

Salt 

Sand, average 

Silver, hammered 

Slate, lightest 

Steel 

Tin, cast 

Water, sea 

Zinc 



Speoflc Ormritj. 

1.062 
1.583 

1.841 

.001292 

.792 

.834 
2.560 
7.611 
2.000 
2.400 
.350 to .600 

.715 
1.250 
1.500 
8.788 

.240 

2.760 

19.258 

2.720 

2.288 

.0000893 

.930 
7.150 
7.770 
11.350 
7.235 
1.333 

.804 

2.720 

13.580 

1.032 

.001250 

.940 

.830 

.001429 

.400 
21.841 
2.130 
1.650 
10.500 
2.110 
7.816 
7.291 
1.026 
7.190 



Weight of cubic 
foot in pound*. 

66A 

98.94 
115 
.0808 

49.43 

52.1 
160 
475.7 
125 
150 
22 to 37.5 

44.7 

78.1 

93.75 
549.3 

15 

172.5 

1204 

170 

143 

.00558 

58.1 
447 
486 
709.4 
452 

83.3 

50.25 
170 
849 

64.5 
.0781 

58.8 

51.9 
.0893 

25 
1365 
133 
103 
656.2 
132 
488.5 
456 

64.13 
449.4 
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II. SELECTED CONSTANTS. 



i 
1 



f 



i 



Constants. 



Number. 



Logarithm, 



1 Diagonal of square in terms of side 

Side in terms of diagonal . . . . 
I Cube root of 2 

Cube root of J 

Square root of 20 

Square root of 3 . . . . . . . 

Square root of J . . . . . 

Square root of 30 

Square root of 5 

Extreme and mean ratio . . . . 

Extreme and mean ratio . . . . 



1.4142136 

.7071068 

1.2599210 

.7937002 

4.4721359 

1.7320508 

.5773503 

5.4772256 

2.2360680 

0.3819660 

0.6180340 



Circumference in terms of diameter 
Diameter in terms of circumference 
Circle in terms of diameter square . 
Square in terms of the circle . . . 
Sphere in terms of diameter cube . 
Cube in terms of sphere .... 



3.1415927 
0.3183099 
0.7853982 
1.2732395 
0.5235988 
1.9091406 



0.1505150 
9.8494850 
0.1003433 
9.8996567 
0.6505150 
0.2385606 
9.7614394 
0.7385606 
0.3994850 
9.5820247 
9.7910124 

0.4971499 
9.5028501 
9.8950899 
0.1049101 
9.7189986 
0.2810014 



One meter in feet . . 
One foot in meters . . 
One meter in yards . . 
One yard in meters . . 
One centimeter in inches 
One inch in centimeters 
One mile in kilometers . 
One kilometer in miles . 



3.2808693 
0.3047973 
1.0936231 
0.9143918 
0.3937043 
2.5399772 
1.6093295 
0.6213768 



0.5159889 
9.4840111 
0.0388677 
9.9611323 
9.5951702 
0.4048298 
0.2066450 
9.7933550 



One square foot in square meters . 
One square meter in square feet. . 
One sq. inch in square centimeters . 
One square centimeter in sq. inches 

One acre in hektars 

One hektar in acres 



0.0929014 
10.7641036 
6.4514847 
.15500308 
0.4046784 
2.4710982 



8.9680221 
1.0319779 
0.8096596 
9.1903404 
9.6071100 
0.3928900 



One cubic foot in cubic centimeters 
One cubic meter in cubic feet 
One U. S. bushel in cubic inches 
One U. S. bushel in cu. centimeters 
One cubic foot in U. S. bushels 
One U. S. gallon in liters 
One liter in U. S. gallons 



One gram in grains . . 
One grain in grams . . 
One pound in Kilograms 
One kilogram in pounds 



28,316.085 
35.315617 
2150.42 
35,238.117 

.8035640 
3.7853103 

.264 1 791 



4.4520332 
1.5479668 
3.3325232 
4.5470127 
9.9050204 
0.5781015 
9.4218985 



15.4323487 
0.0647990 
0.4535927 
2.2046212 



1.1884320 
8.8115680 
9.6566660 
0.3433340 
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III. 

AMOUNT OF $1 AT COMPOUND INTEREST FROM ONE TO 

FORTY YEARS. 



Ymn. 
1 


S per cent 


- 1 

S| per cent 


4 per cent. 


5 per cent. 


6 per cent. 


1.0300 


1.0350 


1.0400 


1.0500 


1.0600 


2 


1.0609 


1.0712 


1.0816 


1.1025 


1.1236 


3 


1.0927 


1.1087 


1.1249 


1.1576 


1.1910 


4 


1.1255 


1.1475 


1.1699 


1.2155 


1.2625 


5 


1.1593 


1.1877 


1.2167 


1.2763 


1.3382 


6 


1.1941 


1.2293 


1.2653 


1.3401 


1.4185 


7 


1.2299 


1.2723 


1.3159 


1.4071 


1.5036 


8 


1.2668 


1.3168 


1.3686 


1.4775 


1.5938 


9 


1.3048 


1.3629 


1.4233 


1.5513 


1.6895 


10 


1.3439 


1.4106 


1.4802 


1.6289 


1.7908 


11 


1.3842 


1.4600 


1.5395 


1.7103 


1.8983 


12 


1.4258 


1.5111 


1.6010 


1.7959 


2.0122 


13 


1.4685 


1.5640 


1.6651 


1.8856 


2.1329 


14 


1.5126 


1.6187 


1.7317 


1.9799 


2.2609 


15 


1.5580 


1.6753 


1.8009 


2.0789 


2.3966 


16 


1.6047 


1.7340 


1.8730 


2.1829 


2.5404 


17 


1.6528 


1.7947 


1.9479 


2.2920 


2.6928 


18 


1.7024 


1.8575 


2.0258 


2.4066 


2.8543 


19 


1.7535 


1.9225 


2.1068 


2.5270 


3.0256 


20 


1.8061 


1.9898 


2.1911 


2.6533 


3.2071 


21 


1.8603 


2.0594 


2.2788 


2.7860 


3.3996 


22 


1.9161 


2.1315 


2.3699 


2.9253 


3.6035 


23 


1.9736 


22061 


2.4647 


3.0715 


3.8197 


24 


2.0328 


2.2833 


2.5633 


3.2251 


4.0489 


25 


2.0938 


2.3632 


2.6658 


3.3864 


4.2919 


26 


2.1566 


2.4460 


2.7725 


3.5557 


4.5494 


27 


2.2213 


2.5316 


2.8834 


3.7335 


4.8223 


28 


2.2879 


2.6202 


2.9987 


3.9201 


5.1117 


29 


2.3566 


2.7119 


3.1187 


4.1161 


5.4184 


30 


2.4273 


2.8068 


3.2434 


4.3219 


5.7435 


31 


2.5001 


2.9050 


3.3731 


4.5380 


6.0881 


32 


2.5751 


3.0067 


3.5081 


4.7649 


6.4534 


33 


2.6523 


3.1119 


3.6484 


5.0032 


6.84C6 


34 


2.7319 


3.2209 


3.7943 


5.2533 


7.2510 


35 


2.8139 


3.3336 


3.9461 


5.5160 


7.6861 


36 


2.8983 


3.4503 


4.1039 


5.7918 


8.1473 


37 


2.9852 


3.5710 


4.2681 


6.0814 


8.6361 


38 


3.0748 


3.6960 


4.4388 


6.3855 


9.1543 


39 


3.1670 


3.8254 


4.6164 


6.7048 


9.7035 


40 


3.2620 


3.9593 


4.8010 


7.0400 

i 


10.2857 
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IV. 

AMOUNT OF $1 ANNUALLY DEPOSITED AT COMPOUND 

INTEREST. 



Yean. 
1 


8 per cent. 


1 

3jper cent 


4 per cent 


5 per cent. 


6 per cent. 


1.0000 


1.0000 


1.0000 


1.0000 


1.0000 


2 


2.0300 


2.0350 


2.0400 


2.0500 


2.0600 


3 


3.0909 


3.1062 


3.1216 


3.1525 


3.1836 


4 


4.1836 


4.2149 


4.2465 


4.3101 


4.3746 


5 


5.3091 


5.3625 


5.4163 


5.5256 


5.6371 


6 


6.4684 


6.5502 


6.6330 


6.8019 


6.9753 


7 


7.6625 


7.7794 


7.8983 


8.1420 


8.3938 


8 


'8.8923 


9.0517 


9.2142 


9.5491 


9.8975 


9 


10.1591 


10.3685 


10.5828 


11.0266 


11.4913 


10 


11.4639 


11.7314 


12.0061 


12.5779 


13.1808 


11 


12.8078 


13.1420 


13.4864 


14.2068 


14.9716 


12 


14.1920 


14.6020 


15.0258 


15.9171 


16.8699 


13 


15.6178 


16.1130 


16.6268 


17.7130 


18.8821 


14 


17.0863 


17.6770 


18.2919 


19.5986 


21.0151 


15 


18.5989 


19.2957 


20.0236 


21.5786 


23.2760 


16 


20.1569 


20.9710 


21.8245 


23.6575 


25.6725 


17 


21.7616 


22.7050 


23.6975 


25.8404 


28.2129 


18 


23.4144 


24.4997 


25.6454 


28.1324 


30.9057 


19 


25.1169 


26.3572 


27.6712 


30.5390 


33.7600 


20 


26.8704 


28.2797 


29.7781 


33.0660 


36.7856 


21 


28.6765 


30.2695 


31.9692 


35.7193 


39.9927 


22 


30.5368 


32.3289 


34.2480 


38.5052 


43.3923 


23 


32.4529 


34.4604 


36.6179 


41.4305 


46.9958 


24 


34.4265 


30.6665 


39.0826 


44.5020 


50.8156 


25 


36.4593 


38.9499 


41.6459 


47.7271 


54.8645 


26 


38.5530 


41.3131 


44.3117 


51.1135 


59.1564 


27 


40.7096 


43.7591 


47.0842 


54.6691 


63.7058 


28 


42.9309 


46.2906 


49.9676 


58.4026 


68.5281 


29 


45.2189 


48.9108 


52.9663 


62.3227 


73.6398 


30 


47.5754 


51.6227 


56.0849 


66.4388 


79.0582" 


31 


50.0027 


54.4295 


.59.3283 


70.7608 


84.8017 


32 


52.5028 


57.3345 


62.7015 


75.2988 


90.8898 


33 


55.0778 


60.3412 


66.2095 


80.0638 


97.3432 


34 


57.7302 


63.4532 


69.8579 


85.0670 


104.1838 


35 


60.4621 


66.6740 


73.6522 


90.3203 


111.4348 


36 


63.2759 


70.0076 


77.5983 


95.8363 


119.1209 


37 


66.1742 


73.4579 


81.7022 


101.6281 


127.2681 


38 


69.1594 


77.0289 


85.9703 


107.7095 


135.9042 


39 


72.2342 


80.7249 


90.4091 


114.0950 


145.0585 


40 

i 


75.4013 


, 84.5503 


95.0255 


120.7998 


154.7620 
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